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The antidepressant, mood-lifting effect of 
ss *‘Dexamyl’ can often help the patient receiving 
ae psychotherapy to continue normal daily activities. 


*‘Dexamyl’, a combination of Dexedrine* (dextro 
amphetamine sulfate, S.K.F.) and amobarbital, 
is available as tablets, elixir and Spansule* 
Sustained release capsules, 


Gi) Smith Kline & French Laboratories 


*T.M. Reg. U.S. Pat. Off. 
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a clinical 


study 


nd experimenta 


“This is more an introduction to a man and an 
idea than to a book. It indicates how, I believe, 
the combination of an idea, a good mind and un- 
tiring resolution seasoned with patience and time 
and the essential ingredients for good research 
can produce a work that is outstanding.”—from 
the Introduction by EDGAR VAN NUYS ALLEN. 
M.D.. Past President of the American Heart As- 
sociation, Rochester, Minnesota 


CHEMICAL 
QUANTITATION OF 
EPINEPHRINE AND 
NOREPINEPHRINE IN 
PLASMA 


Their Plasma 
Concentration in 
Hypertension, Shock, 
and Mental Disease. 
With Some 
Metabolic Studies 


A successful and different approach! The 
authors present a modification of a fluorescent tech- 
nique for chemically quantitating epinephrine and 


norepinephrine in plasma, pheochromocytomas, and 


cerebrospinal fluid. This fluorescent method appears 
reasonably simple, highly sensitive and fairly 
specific and accurate, It has proved of great 
aid in screening patients suspected of having pheo- 
chromocytoma. It also seems admirably suited 
for studying the effects of various forms of physio- 


logic stress on the concentration of plasma pressor 


 —— MUIR amines and for investigating some phases of the 
MANGER, | metabolism of epinephrine and norepinephrine. 


B.S., M.D., Ph.D. 
Department of Medicine 
College of Physicians and 
Surgeons 

New York City, New York 
Formerly, Fellow in Medicine 
Mayo Foundation 
Rochester, Minnesota 


KHALIL G, WAKIM, 
M.D., Ph.D. 

Section of Physiology 
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JESSE L. BOLLMAN, 
M.D. 

Section of Biochemistry 
Mayo Clinic 
Rochester, Minnesota 


THE DESIRABILITY OF USING THIS 
FLUORESCENT METHOD MORE EX- 
TENSIVELY AS A CLINICAL AND RE- 
SEARCH TOOL SEEMS ESTABLISHED. 


For those interested in a better understanding of 


the relationship of the pressor amines to 


1. Clinical and experimental hypertension 


2. Experimental hemorrhagic or 
anaphylactic shock 


3. Mental disease 


this book is “a must.” 
Publication date August 1959 380 pages 
$11.50 79 illustrations 


sent on approval 


CHARLES G THOMAS ¢ PUBLISHER 301-327 East Lawrence Avenue ¢ SPRINGFIELD ¢ ILLINOIS 
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Until DIAMOX was added to the regimen, 56 epileptic children had 
proved refractory to standard anticonvulsant therapies. Then almost 
80 per cent responded with striking decrease in frequency, number 
and severity of seizures of all types—with 35 cases in the complete 
remission group. 

Control was usually prompt, with results often apparent within hours. 


Some cases were maintained seizure-free for as long as 20 months 
on DIAMOX. 


, Despite length of therapy and large dosages, side effects were few 
SHKHIZURE S and not serious. However, desirable associated effects, such as im- 
proved disposition and increased mental capability, were noted in a 
number of cases. 
Supplied: Scored tablets of 250 mg. 


1. Holowach, J., and Thurston, D. L.: J. Pediat. 53:160, 1958. Acetazolamide Lederle 


LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 
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brand of imipramine HCl 


Specific in Depression 
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Produce remission or improvement in 
70-85% of cases 


Act effectively in all types of depression 


Afford equally good results in severe 
as in mild cases 


Achieve therapeutic benefit with minimal risk of 
serious side reaction 


Indications for Tofranil include: 


Endogenous Depression, Reactive Depression, Involutional Melancholia, Senile Depres- 
sion, Depression associated with other Psychiatric Disorders. 


Availability: Tofranil (brand of imipramine HCl) tablets of 25 mg. bottles of 100. Ampuls 
of 25 mg. (for intramuscular administration only) cartons of 10 and 50. 
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Inhibit monoamine oxidase either in 
brain or liver 


Produce potentiation of other 
drugs such as barbiturates and alcohol 


Act as a stimulant in the absence of 
depression 


Cause disturbance of color vision 


The efficacy of Tofranil is attested by more than 50 
published reports and confirmed by clinical experi- 
ence in more than 50,000 cases. 


Detailed Literature Available on Request. 


Geiny Geigy, Ardsley, New York 
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The Natural History 
of Cerebral Palsy 


BY BRONSON CROTHERS, M.D. AND RICHMOND S. PAINE, M.D. 


The emphasis in this volume is upon the effect of fixed lesions 
arising early in life upon growth and development. Essentially 
the problems considered here are those which arise as the handi- 
capped child faces the stresses of full competition. The authors 
report on a large series of cases studied over a period of years, 
and endeavor to appraise the validity of treatment given. $6.75 


Psychological Appraisal 
of Children with 


Cerebral Defects 


BY EDITH MEYER TAYLOR. Neurologically impaired chil- 
dren have too often been treated as if all were alike, or all 
different, and too little attention has been paid to the fact that 
the same child, with the same problem, may appear very differ- 
ent at various ages. This long-needed, practical guide details 
processes of evaluation that have proved most useful, and places 
emphasis upon intellectual and socio-emotional development of 
the child. Illustrated. 


A Commonwealth Fund Book $8.50 


Through your bookseller, or from 


HARVARD University Press 


79 Garden Street, Cambridge 38, Massachusetts 
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NEW AND EXCLUSIVE 


FOR SUSTAINED 
| TRANQUILIZATION 


MILTOWN’ (meprobamate) now available 


in 400 mg. continuous release capsules as 


Meprospan-400 


HIGHER POTENCY 
FOR GREATER CONVENIENCE 


e relieves both mental and muscular tension 
without causing depression 


e does not impair mental efficiency, motor 
control, or normal behavior 


Usual dosage: One capsule at breakfast, 
one capsule with evening meal 


Available: Meprospan-400, each blue capsule contains 
400 mg. Miltown (meprobamate) 


Meprospan-200, each yellow capsule contains 
200 mg. Miltown (meprobamate) 


Both potencies in bottles of 30. 


) “WALLACE LABORATORIES, New Brunswick, N. J. 


CME-8426 
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Introduction to Stereotaxis 
with an Altas of the Human Brain 


In three volumes 


Edited by Georges SCHALTENBRAND, Wurzburg, and Percival BAILEY, Chicago 


Beyond and above the true operative goals, the stereotactic interventions provide a 
unique possibility to investiga‘e the normal electrical activity of the deeper brain 
structures and their reaction to various stimulations. The meaning of the results, 
however, presupposes an exact knowledge of the microsopical structures. For this 
reason it seemed desirable to add in this book a series of sections of the brain 
stained by the NISSL method at a magnification of twenty diameters in which the 
characteristic structure of the individual nuclear groups may be recognized. All 
series are so prepared that the relation of any point to the intercommissural system 
(Line connecting the anterior and the posterior commissures and a_ perpendicular 
erected from its middle point) can be read off. 
The plates include the following series: 
I. Macroscopic series, enlargement 2: 1. 
a, frontal. b, sagittal. c, horizontal. 
Il. Myelin sheath series (Heidenhan staining ), 
enlargement 4: 1. 
a, frontal. b, sagittal. c, horizontal. 
Ill. Cell series (Nissl stain), enlargement 20: 1. 

a, frontal. b, sagittal. 
The individual variations of the brain structures were determined from a certain 
number of brains and marked on overlays, which can be laid over the macroscopi- 
cal sections of the atlas. Other overlays show the maximal dimensions of the ventri- 
cular system, which are significant for comparing the anatomical pictures with the 
encephalographical plates. 
In numerous chapters of the text volume, the anatomy and the pertinent physiology 
of the deeper gray masses are described. Further chapters concern the pathological 
conditions, the methods of investigation, the operative procedures themselves and 
the determination of their indications. This volume is a major contribution to 
neurologist, surgeon and psychiatrist. 
Text Volume (English and German) : 1959. VIII, 493 pp., 236 illustrations consist- 
ing of 364 details. 


Two Illustration Volumes (Legends in English and German): 1959. 76 plates, 
14 attached overlays in colors, 20 attached overlays, 14 removable overlays, 
some in color. 


Subscription price, valid until December 15, 1959, $197.60, Price later: $233.35 
(Published by Georg Thieme Verlag) 


GRUNE & STRATTON, INC. 


381 Park Avenue South (] Please send IN- 
New York 16, N.Y. TRODUCTION TO 

STEREOTAXIS 
NAME ___ WITH AN ATLAS 
ADDRESS OF THE HUMAN 
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toward a new beginning... 


meaningful “give and take” experience 
within the hospital community 


for a psychiatric case report with a 
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happy ending, turn the page 
* 


toward the “give and take” 


recovery goal 


» Turmoil, fear and frozen behavior in a paranoid patient are Beginning of responsiveness, trust in therapist. 
* mixed reactions to social situations. TRILAFON, I.M., started. | Suspicion diminished, responsiveness improving. 


, Consistently considerate treatment from hospital person- 
© nel supports the emerging sense of values and purpose. 


% 


A clear turning point, and a quiet clear frame of 


a * mind. TRILAFON continued orally, 12 mg. q.i.d. 


ix months later, staff notes a major “profile” change as the patient “holds 
is own” successfully in the daily interrelationships of the hospital community. 


facilitates social 
improvement... 
the initial goal 


of therapy 
in mental patients 


Dosage: Depending on the severity of 
the condition and response of the indi- 
vidual case, the dosage is 8 to 16 mg. two 
to four times daily. Consult Schering lit- 
erature for other indications, as well as 
for details on dosage and administration, 
precautions and contraindications. 


Packaging: Tablets—2 mg., 4 mg. and 8 mg., 
bottles of 50 and 500; 16 mg., bottle of 500. 
ReEPETABS —4 mg. in the outer layer and 4 mg. 
in the timed-action inner core, bottles of 30 
and 100. TRILAFON Injection—5 mg., ampul of 
1 cc., boxes of 6 and 100; 10 cc. vial, 5 mg./cc., 
boxes of 1 and 10. TrILaAFoN Concentrate —16 
mg./5 cc., bottle of 4 oz., with graduated 
dropper. TRILAFON Suppositories—4 mg. and 
8 mg., boxes of 6. TRILAFON Syrup—2 mg./5 cc., 
4 oz. bottle. 


TRILAFON,® brand of perphenazine. 
Reretass,® Repeat Action Tablets. 
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Edited for the doctor by prominent authorities in each special field, these journals are of 
value not only to the specialist but to the general practitioner as well. 

To order your subscription to one of the A.M.A.’s specialty journals use the form below. 


AMERICAN MEDICAL ASSOCIATION (One year rates) Conada 
535 North Dearborn ¢ Chicago 10 we penny 
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j t patients. In 
schizophrenia, manic states, and psychoses associated with organic brain disease, Vesprin 
controls intractable behavior patterns making patients more accessible to psychotherapy. Ex- 
citement, panic, delusions, hostile behavior are moderated to permit early insight for rapid 
progress into resocialization and rehabilitation. Not only is Vesprin a drug of choice for initial 
therapy, but it may prove effective in patients who fail to respond to other phenothiazines. 


Vesor an agent of estab ed efficacy for the manage ‘ ’ 


Vesprin does not ‘oversedate your patients into sleepiness, apathy or lethargy — and drug- 
induced agitation is minimal. It is relatively free from side effects.!:? Skin eruptions, photo- 
sensitivity or hyperthermia have rarely been reported. Individual dosage levels are easily 
established. Intramuscular injection causes no pain or tissue irritation. Vesprin often brings 
improvement in chronically disturbed patients refractory to shock therapies and other drugs.*-* 


exe Usual initial dose, 100 to 150 me. daily, ir 
a 4 literature. Supply: Tablets: 10, 25 and 50 mg., in bottles 
gg ' 1 4 ’ § of 50 and 500. Capsules: 100 mg. in bottles of 50 and 
— } 500. Emulsion: 30 cc. dropper bottles and 120 cc 
4 bottles (10 mg./cc.). Parenteral Solution: 1 cc. multiple 
3 dose vial (20 mg./cc.) and 10 cc. multiple dose vial 
ate (10 mg. / cc.). Vesprin Injection Unimatic (15 mg. in 


SQUIBB TRIFLUPROMAZINE HYMROCHLORIDE 45 
8 unique halogenated phenothiazine for the management of schizophrenia, manic states, psychoses 
associated with organic brain disease, senile psychoses, and primary behavior problems in children Oe ee ee ee 
J.M. Sc. 235°67 (Jan )1958 2. Morehouse, W.G. and Freed, J.E.: Monographs on Therapy 3:32 (May) 1958. 3. Leger, Union Med Canada 87 831 (iuly) 1958 
4. Bruckman, N.S.; Saunders, J.C., and Kline, N.S.: Monographs on Therapy 3:24 (May) 1958 
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“Rotator,” used in the 19th century 
to free the mind from madness. Orig- 
inal wood engraving by John DePol. 
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In nineteenth century psychiatry, the 
“rotator”? was a major therapeutic device. 


Today, psychopharmacologic therapy, pioneered 
and developed with ‘Thorazine’, is one of the 
most important methods used in the treatment 
of mental illness. 


The importance of ‘Thorazine’ to psychiatry 

is twofold: (1) its reliable effectiveness 

has established it as a fundamental drug in 
psychiatry, one that may be used with confidence, 
and (2) it has led S.K.F. to the development 

of related drugs that enable the psychiatrist 

to help an even greater number of patients. 


THORAZINE 


brand of chlorpromazine 


Smith Kline & French Laboratories 
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Established 1916 
Asheville. North Carolina 


An Institution for the diagnosis and treatment of Psychiatric and Neurological illnesses, 
rest, convalescence, drug and alcohol habituation. 

Insulin Coma, Electroshock and Psychotherapy are employed. The Institution is 
equipped with complete laboratory tacilities including electroencephalography and 


X-ray. 


Appalachian Hall is located in Asheville, North Carolina. a resort town, which justly 
claims an all around climate for health and comfort. There are ample facilities for 


classification of patients. 
Wo. Ray GriFFin, Jr., M.D. 
Rosert A. GriFFin, M.D. 


For further | information write APPALACHIAN HALL, AsHEVILLE, N. C. 


Mark A. GriFFIN, Sr. M.D. 
Mark A. GriFFIN, Jr., M.D. 


ADAMS HOUSE 


Established 1877 


A non-commitment sanitarium and clinic, 
club-like in physical setting and atmos- 


phere, applying re-educational psycho- 
therapeutic methods in the study and 


treatment of the psychoneuroses exclu- 


sively. 


Located in suburban Boston contiguous to and 
overlooking the Arnold Arboretum 


w 


James Martin Woodall, M.D., Medical Director 


990 CENTRE STREET, BOSTON, 
Jamaica Plain, MASS. 


20/ 


BALDPATE, Inc. 


Georgetown, Mass. 
Geo. Fleetwood 2-2131 


Located in the hills of Essex County, 
30 miles north of Boston 


For the treatment of psychoneuroses, 
personality disorders, psychoses, alco- 


holism and drug addiction. 


Definitive psychotherapy, somatic ther- 
apies, pharmacotherapy, milieu-therapy 
under direction of trained occupational 


and recreational therapists. 


Harry C. SoLomon, M.D. Grorcs M. Scuiomer, M.D. 


Consulting Psychiatrist Medical Director 
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after centuries of despair ...@ hopeful prognosis 


Insane patient 
in “‘crib”’ 
at a mental 
The field of psychiatry has come a institution, 1882 


long way since crude devices such as 
the “crib,” but it is only in the past 
few years that many fundamental 
changes have been made in manage- 
ment and medication. 


Notable among new therapeutic 
agents is Pacatal. Unlike some ear- 
lier phenothiazine compounds, 
Pacatal normalizes the thinking 
processes of the disturbed patient, 
yet leaves him alert. Rather than 
just affording symptomatic im- 
provement, Pacatal profoundly 
influences the nature and direction- 
of-flow of the patient's affect, so 
that he becomes more accessible and 
cooperative. 


a significant contribution to psychiatric progress 


for normalization ... not sedation 


Pacatal 


brand of mepazine 


MORRIS PLAINS, N.J. 
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PROVEN EFFECTIVE 
FOR THE TENSE AND 
NERVOUS PATIENT 


**There is perhaps no other drug introduced in 
recent years which has had such a broad spec- 
trum of clinical application as has meproba- 
mate.* As a tranquilizer, without an autonomic 
component in its action, and with a minimum 
of side effects, meprobamate has met a clinical 
need in anxiety states and many organic diseases 
with a tension component. 99 
Krantz, J. C., Jr.: The restless 
patient — A psychologic and 


pharmacologic viewpoint. 
Current M. Digest 


 Miltown 


the original meprobamate, discovered and introduced by 
WW) WALLACE LABORATORIES, New Brunswick, N. J. 
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“What Is Past Is Prologue” 


BYRON STOOKEY, A.M., M.D., Sharon, Conn. 


They who are gone are still here; though hidden 
they are revealed, though dead they yet speak. 
—Thomas Carlyle 

Osler has said: “It is good to hark back 

to the olden days and gratefully to recall 

the men whose labors in the past have made 

In this spirit we 

celebrate today the Fiftieth Anniversary of 


the present possible.” 


the Neurological Institute and turn back 
the pages to recall our origin, paying hom- 
age to those whose trials and labors cre- 
During the last quarter 
of the 19th century, New York was rich 


ated this hospital. 


in neurological talent; there were, in fact, 
more distinguished neurologists here than 
in any other American city. 

The New York Neurological Society was 
instituted in 1872 and reorganized in 1874, 
with 48 members present at its first meet- 
ing, and was the first neurological society 
in America. The American Neurological 
Association was founded in 1874, with 16 
35 New 
York. The invitation to form the American 
Neurological 


of the original members from 


Association was issued by 
seven men, four from New York, headed 
by William Hammond. The Philadelphia 
Neurological Society was not established 
until 1884, with Weir Mitchell as president, 
and the Neurological Society of London 
was not formed until 1886, having Hugh- 
lings Jackson as its president. 

Submitted for publication June 2, 1959. 
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Center. 


Two of the most distinguished of our 
early neurologists were William Hammond, 
Surgeon General during the Civil War and 
responsible for the first Army hospital 
nerve 
Seguin, who was considered the most bril- 
liant neurologist in America. They were 
aided by John C. Dalton, who held the first 
chair of physiology in America, at the 


devoted to injuries, and 


College of Physicians and Surgeons, and 
also by Austin Flint Jr., whose paramount 
interest lay in physiology—a_ subject pre- 
viously of 
Among others were George Beard, William 
Browning, Gray, and [Edward 
Spitzka, the last-named bringing to early 


considered part anatomy. 


Landon 


neurology a comparative anatomical con- 
cept of the nervous system, so illustriously 
carried on later by Oliver Strong and 
I*rederick Tilney. These early neurologists 
were followed by Bernard Sachs, Allen 
Starr, Charles Dana, Ramsay Hunt, Smith 
‘ly Jelliffe, and the founders of the Neu- 
rological Institute, Joseph Collins, Pearce 
Bailey, Frederick and Joseph 
lraenkel, all of whom had had at least 
part of their training abroad, bringing back 


Peterson, 


with them the knowledge they had gained. 

Joseph Collins, Pearce Bailey, and lred- 
erick Peterson had worked in the Vander- 
bilt Clinic and held teaching positions in 
the Department of Neurology at Columbia 
under Allen Starr. The Vanderbilt Clinic, 
founded in 1888 by the four sons of Wil- 


liam K. Vanderbilt, was the principal early 
New 


York. It was directed first by Seguin, then 


training ground of neurologists in 
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by Starr and Tilney. Here, as chiefs of 
clinic, Collins, Bailey, Peterson, Ramsay 
Hunt, Jelliffe, Brill, and many others re- 
ceived part of their neurological training. 
About 2,000 patients a year passed through 
the Neurological Clinic, where the work 
done was exceeded neither in quantity nor 
in quality in any clinic abroad. The Neu- 
rological Institute also takes pride in 
Charles Dana, Professor of Nervous Dis- 
eases at Cornell, whose many contributions 
added much to neurology in this city. 

The birth of the Neurological Institute 
took place on the evening of March 18, 
1909, when, on Dr. Joseph Collins’ invita- 
tion, eight men of affairs met at the Cen- 
tury Club to consider the founding of a 
hospital for the study and treatment of 
nervous diseases. Those present, in addi- 
tion to Dr. Collins and Dr. Fraenkel, were 
Mr. Isaac Townsend, Mr. R. H. Williams, 
Mr. Adrian Iselin, Mr. Otto H. Kahn, Mr. 
H. K. Knapp, Mr. Paul M. Warburg, Dr. 
Leighton Whitmer, and Mr. R. P. Perkins. 

At this meeting the unanimous opinion 
was reached that an institution such as the 
Neurological Institute was urgently needed. 
An application to the New York State 
Board of Charities was immediately made, 
and on April 14, 1909, a Certificate of 
Incorporation was granted. 

| should like to pay tribute to the devo- 
tion of the members of the Board of Trus- 
tees, who over the years stood by the 
hospital through many threatening prob- 
lems. Without their generosity, advice, 
wisdom, and foresight, there would be no 
Institute. Our gratitude is due them as 
well as the medical founders. 

On May 7, 1909, an organizational meet- 
ing of the incorporators was held in the 
office of Dr. Collins. Dr. Collins and Dr. 
Fraenkel were joined by Dr. Pearce Bailey, 
who thus became one of the founders. A 
letter was drafted to the Trustees explain- 
ing the ideas of the medical founders. It 
was pointed out that, while several neuro- 
logical clinics existed, notably in Philadel- 
phia, under the aegis of Weir Mitchell, 
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and in New York, the Vanderbilt Clinic, as 
part of the College of Physicians and Sur- 
geons at Columbia, “there was no hospital 
in America devoted exclusively to diseases 
of the nervous system. Were patients with 
disease of the nervous system accepted in 
a general hospital, no adequate staff ex- 
isted to treat them, nor were the facilities 
available to take care of them, though such 
patients are as deserving as those with 
typhoid fever, pneumonia or any other 
self-limiting disease. Furthermore, due to 
the lack of such hospital facilities, physi- 
cians in the United States were untrained 
in the recognition of functional nervous or 
curable mental diseases, and unaccustomed 
to the proper and successful treatment of 
them.” Diseases of the nervous system, no 
less than general medical diseases, must be 
taught at the bedside. 

The appeal of the founders of the Institute dif- 
fers only in language from the appeal made by 
Columbia’s—then King’s College’s—first Professor 
of Physic, Samuel Bard, when in his May, 1769, 
commencement address he urged the necessity of 
a hospital, saying: “Another argument, and_ that 
by no means the least for an Institution of this 
Nature, is, that it affords the best and only means 
of properly instructing Pupils in the Practice of 
Medicine; as far, therefore, as the breeding of 
good and Able Physicians, which in all Countries 
and all Times has been thought an object of the 
highest Importance, deserves the Consideration of 
the Publique, this Institution must likewise claim 
its Protection and Encouragement.” 

The founders held that “the establishment 
of a neurological institute in New York 
would benefit not only those who received 
treatment, but would make available in this 
country specialized training in neurology 
for physicians who wished to practice and 
teach in this field and, above all, would be 
an asset to the country at large through 
dissemination of knowledge of the princi- 
ples of neurology and nervous disease.” In 
establishing the Neurological Institute, they 
had before them the example set by the 
National Hospital, Queen Square, begun 
by Miss Johanna Chandler in 1859. Eng- 
land’s most illustrious neurologists, Jack- 
son, Gowers, Horsley, Brevor, Buzzard, 
and Holmes, to mention but a few, and our 
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distinguished guest, Sir Francis Walshe, 
have all added luster to its fame. 
Within a few weeks a suitable building, 


at 149-151 East 67th rented 
and alterations begun to convert it into a 
hospital. Drs. Taylor, Ogilvie, and Armour 


were engaged to serve as our first house 


Street, was 


physicians. Drs. Casamajor, from the Van- 
derbilt Clinic; Kennedy, from Queen 
Square, and Ricksher were appointed ex- 
terns. The clinical laboratory was in the 
charge of Dr. Kaplan, who had been resi- 
dent pathologist at Montefiore; the histo- 
logical laboratory was under Dr. Zabriskie’s 
The consulting physicians and 
Drs. 
Kinnicutt, and Abbe. 


direction. 
Dana, Sachs, Riggs, 


surgeons were 

Dr. Elsberg was appointed to the Medi- 
cal Board, Dec. 13, 1909, after the hospital 
opened, and Dr. Taylor a short time later; 
Drs. Beer, Neuhof, and Kenyon were made 
assistants to the surgeons. 

While the Institute was still in its second 
year, a fundamental divergence of opinion 
the Dr. 
Fraenkel, born in Russia, educated in Vi- 


arose among three founders. 
enna, proposed that each patient, whether 
private, semiprivate, or ward, be treated 
that the 


hospital determine and collect the fees, and 


without charge by the physician 


that the physician receive no compensation 
except. from the hospital. 

The issue was placed before a_ special 
meeting of the Board of Trustees on Dec. 
12, 1911. in the office of Mr. Otto Kahn, 
who had been interested in the hospital 
Dr. Dr. 
signed at this meeting, and on motion of 
Mr. Mr. the 


following resolution was adopted: 


through Fraenkel. Fraenkel re- 


Iselin, seconded by Kahn, 


It is the sense of the meeting that the Neuro- 
Institute be February 1, 1912, 


and its affairs wound up, and that the Executive 


logical closed on 
Committee be requested to take the necessary steps 
to carry this resolution into effect, that it further be 
resolved that the Secretary be directed to express 


to the Medical Board their sincere thanks and 
appreciation of the valuable services rendered by 
each member of the Medical Board. 
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Mr. Otto Kahn, Mr. Paul Warburg, Mr. 
Edward Devine, and Mr. Adrian Iselin Jr. 
resigned from the Board of Trustees. 

At this critical juncture two devoted 
friends, Dr. Dana Dr. Peterson, 
stepped into the breach—Dr. Dana, on the 
Board of Trustees, and Dr. Peterson, on 
the Medical Board. Thanks to their efforts 
and the loyalty of the remaining members 
of the Board of Trustees, the following 
proposal was made: 


and 


Dec. 29, 1911. 
Mr. R. H. Williams, Esq., President, 
Board of Trustees of the Neurological Institute 
Dear Sir: 

The following gentlemen, Joseph Collin, Pearce 
Sailey, Charles L. Dana and Frederick Peterson, 
understanding that the President of the Board of 
Trustees proposes to wind up the affairs of the 
Neurological Institute on February 1, have re- 
quested me to make the following proposition : 

They will assume the lease of the present In- 
stitute on February 1. From February 1, they will 
pay half of the Superintendent's salary if he will 
stay in the employ of the Institute. They make this 
proposition with the understanding that the present 
building and equipment are to be turned over to 
them intact and that the Institute is to be absolutely 
free and clear of debt. It is the earnest hope and 
desire of these gentlemen that some of the Board 
the 
them in carrying on the work which has_ been 


of Trustees will remain on Soard to assist 


so well done and for which the necessity is evident 
to everyone interested. 

Yours very truly, 

R. H. Perkins 
PS.: “Tins proposition is made subject to the con- 
dition that the landlord of the Institute building 
is satisfied as to the clause in the present lease 
requiring that the building should be put back 
in its original form. 

The remaining Trustees then resolved 
that the proposal as presented by the Sec- 
retary be accepted and that the [Executive 
Committee be authorized to take the neces- 
sary steps to carry out the details. 

New members were added to the Board 
of Trustees and at the next regular meet- 
ing, held Jan. 9, 1912, with Mr. R. H. 
Williams, Mr. Knapp, Mr. Mitchell, Mr. 
I‘relinghuysen, and Mr. Townsend present, 
the Board expressed pleasure with the work 
already accomplished and authorized the 
President to execute a lease for a period 
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of three years with the owner of the Insti- 
tute building. 

During the second fiscal year, and each 
year thereafter, the number of patients in- 
creased beyond the capacity of the Institute. 
Collins pointed to the steady growth in the 
work of the Institute, saying: 

The demand by the public for what it and no 
other organization gives seems a final argument 
as to the justification of its creation and the best 
compliment as to the way it is run. The Institute 
is a machine running continuously at its highest 
capacity—its record is its recommendation. If that 
does not secure for it endowment for a suitable 
building no verbal solicitation will succeed. 
Nevertheless, on five separate occasions, 
November, 1910; March, 1911; December, 
1912; May, 1916, and March, 1917, ways 
and means committees were set up but were 
unsuccessful in their efforts to create an 
endowment and to raise funds for a new 
building. 

The last of these committees sent letters 
to newspapers, accompanied by personal 
letters from the Trustees to the editors. 
lavorable editorials were written, pointing 
out the great service being rendered by 
the Institute, and 5,000 copies of the eighth 
annual report, for the year 1917, were 
issued. In this report, Dr. Collins stressed 
the need for greater facilities, saying: “The 
work that the Neurological Institute is now 
doing is known from one end of the coun- 
try to the other.” Unfortunately, this ef- 
fort, begun in 1917, was thwarted by the 
First World War. Earlier attempts had 
been made to interest some of the larger 
foundations, but these organizations were 
as yet unwilling to finance completely, as 
they subsequently have, the creation of a 
new special hospital. 

During these years the Institute building 
had been rented, with renewal of the lease 
from time to time; but on April 1, 1919, 
on expiration of the lease, the rent was 
greatly increased, and the following year 
the owner demanded that the Institute 
either vacate or purchase the building. 
Coming as it did immediately after the 
war, this imposed a heavy burden on a 
new voluntary hospital without endowment, 
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and with a considerable deficit each year. 
Thus, another crisis had to be met, and 
under unfavorable circumstances. The staff 
assisted in raising part of the needed 
money, and on Feb. 3, 1920, the building 
was bought, part of the cost being covered 
by a mortgage. 

Many problems arose in the operation of 
a pioneer neurological hospital. It was nec- 
essary not only to train neurologists but 
to meet many related special demands, such 
as the training of nurses in the care of 
patients with nervous and mental disease, 
the development of new methods of reha- 
bilitation, new procedures in occupational 
therapy, and many other services which 
today are taken for granted. 


Developmental Projects 


Training Nurses.—Since at this time 
there were no graduate nurses trained in 
the care of patients with diseases of the 
nervous system, one of the aims of the 
Neurological Institute was to train gradu- 
ate nurses to be proficient in this and 
cognate fields. As space in the Neurologi- 
cal Institute was at a premium, Otto Kahn, 
in the first year of the hospital’s existence, 
generously put a house at 105 FE. 75th St. 
at the disposal of the nurses. 

A graduate nursing course of six months 
was begun, consisting of practical instruc- 
tion in the wards and special departments. 
Lectures and demonstrations were given 
by Miss Amy Hilliard, Supervisor of 
Nurses. Some of these lectures were pub- 
lished in the American Journal of Nursing. 
Many letters of inquiry concerning the 
course were received during the first year, 
and soon the demand for this specialized 
training exceeded our capacity. 

The nursing program thus begun con- 
tinued throughout the years, producing 
many well-schooled and thoroughly quali- 
fied nurses to assume duties in our special 
fields, where previously none had existed. 

Social Service Department.—This de- 
partment was founded in March, 1912, by 
Mr. Frederick Ellis and Miss Helen Han- 
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nahs. In treating most of the patients seen 
at the Neurological Institute, a more ex- 
tensive knowledge of their environment, 
their family background, and the social in- 
fluences affecting them than could be se- 
cured by the physician was essential. This 
important information could be supplied by 
the Social Service staff. Patients who be- 
came isolated and self-centered were helped 
to adjust their habits and activities in terms 
of their nervous disorder by suggestions 
of the physicians, carried out through the 
Social Service Department. Here, again, 
new methods and new procedures were 
With Mr. Ellis, Miss Hannahs 
gave unstinting service until her death, in 
1917. She had a masterful, far-seeing plan 
for the future of the Social Service Depart- 
ment as a place where others could be 
trained in this field as it particularly ap- 
plied to the problems of the patients of the 
Neurological Institute. 

and Efficiency Tests.— 
Among these tests, the Binet and Simon 


evolved. 


Psychological 
age scales, Kirkpatrick’s Recall Objects, 
Galton’s Weights Arrangements, [bbing- 


haus’ Sentence Completion, Thorndike’s 
Writing Opposites, Jastrow’s Free Word 
Production, and a number of others were 
studied and adapted to our particular needs. 
Of course, some of them have since been 
discarded and newer ones developed. 
Occupational Therapy.—The occupation- 
al therapy department, teaching a variety 
of work, such as basketry, sewing, 
knitting, knitted 
metal work, carpentry, drawing, modeling, 


embroi- 
dery, rafha, stenciling, 
and bookbinding, was set up in a_ small 
1910. Later in the 
year a printing press was added to the 
equipment, on which treatment cards and 
prescription blanks were turned out for the 
Institute. In the month of May during our 
first year, 103 patients worked in the occu- 
pational therapy department. All work 
completed, except that for the hospital, was 
taken home by the patients, whose contin- 
ued efforts were followed by the 
Service staff. 


house on the roof in 


Social 
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Laboratory School.—In 1915 an experi- 
mental clinical school, called the Laboratory 
School, was founded at 157 E. 72d St., 
under Dr. Pearce Bailey’s direction, to 
educate physically handicapped scho- 
lastically backward children of superior 
mentality who had failed to progress in 
the public schools, and to determine how 
much could be accomplished with them by 
special education and to evolve methods 
best adapted to meet their needs. Bailey 
held that “the atypical child must be stud- 
ied and interpreted and the possibilities that 
life holds for him must be defined. The 
faltering steps of the delinquent [must be| 
steadied, and the shy, the sensitive, the 
psychopath must be helped early.” 

Classification Clinic.—In 1920, under the 
direction of Dr. Pearce Bailey, the Classi- 
Clinic was established at 118 E. 
80th St. “for the purpose of furnishing 
complete physical and mental examinations 


fication 


to non-indigent adolescents who are failing 
in some way to meet what is required of 
them.” Within a year additional space to 
accommodate its expanding services neces- 
sitated moving this clinic to 173 FE. 70th 
St., where its counsel was sought on behalf 
of adolescents, by headmasters and head- 
mistresses of secondary schools, and by 
teachers, for whom the clinic arranged a 
course of lectures. 
continued 


This classification clinic 
with great under Dr. 
Bailey’s direction until his death, in 1922, 
and then was carried on and extended under 


success 


Dr. Frederick Peterson, being subsequently 
continued as the Child Guidance Depart- 
ment. 


Staff Activities 
_In World War I, Dr. Pearce Bailey, 
foreseeing the possibilities ahead of us 
with the advent of war, obtained leave of 
absence in 1914 to go abroad to study in- 
juries of the brain, spinal cord, and nerves, 
and the neurological and mental problems 
arising out of the war. By the time of 
our entry into World War I, he had famil- 
iarized himself with these problems and 
had evolved a plan of action. Surgeon 
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General Gorgas selected him to take charge 
of the nervous and mental division of the 
Army. In this undertaking he did out- 
standing work, as he had done so fully over 
the years for the Neurological Institute. 
Dr. Bailey secured an Army order provid- 
ing each base hospital at the front and 
many tactical combat organizations with a 
neuropsychiatrist, a concept entirely new 
in medicine.* 

Of the Neurological Institute’s active 
medical staff of 37, 16 responded to the 
call to the colors, leaving the services very 
much depleted. With chiefs of service 
gone, the younger men who took over effi- 
ciently demonstrated the thoroughness of 
their training. 

Two Army schools were established at 
the Neurological Institute to give intensive 
six-week courses, one in neurology and 
psychiatry, directed by Dr. Walter Timme, 
and the other in neurosurgery, under Dr. 
KIsberg and Dr. Taylor, with Dr. Riley as 
adjutant. These classes met at the Neuro- 
logical Institute and at the College of Phy- 
sicians and Surgeons with members of the 
Columbia Neurological and Anatomical 
Departments, Dr. Frederick Tilney, Dr. 
Oliver Strong, Dr. Jelliffe, Dr. Ramsay 
Hunt, and the Vanderbilt Clinic staff, as 
well as Columbia’s distinguished anatomist, 
Dr. George Huntington.+ 


At the conclusion of the course in neu- 
rology and psychiatry, its members were 
sent to various hospitals overseas and to 
base hospitals in the United States to make 
nervous and mental examinations, to screen 


*QOn March 12, 1921, Bailey was awarded the 
Distinguished Service Medal: “For exceptionally 
meritorious and distinguished service as Chief of 
the Division of Neuropsychiatry, Surgeon Gen- 
eral’s Office, in which capacity he displayed ex- 
ceptional zeal, foresight, and good judgment. in 
organizing, developing and directing neuro- 
psychiatric work in the Army on a high plane of 
efficiency.” 

+ It is interesting to note that Columbia’s med- 
ical school served a similar function during the 
Civil War. Special courses in military surgery 
and hygiene were conducted at the request of the 
Surgeon General's office from 1862 to 1865. 
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recruits for the Army and to take care of 
the neurosurgical patients. 

The obvious advantages of closer coop- 
eration between the Columbia Neurological 
Department, the Vanderbilt Clinic Neuro- 
logical Department, and the Neurological 
Institute became manifest. This led to an 
invitation to Dr. Tilney to become one of 
the attendings at the Neurological Insti- 
tute and a member of the Medical Board. 
He brought with him Dr. Charles McKen- 
dree and Dr. Henry Riley. Drs. Collins, 
Bailey, and Peterson had previously been 
members of the Columbia neurological fac- 
ulty, and thus once again the two disciplines 
were brought together, to their mutual ad- 
vantage. 

In December, 1919, or 10 years after the 
founding of the Neurological Institute, the 
Board of Trustees accepted with reluctance, 
and with appreciation of their long service, 
the resignations of Drs. Collins, Bailey, 
and Peterson, making them consultants. 
Their positions as chiefs of service were 
taken by Drs. Zabriskie, Kennedy, and 
Timme. On this occasion the great indebt- 
edness of the Neurological Institute to the 
founders was recorded by the Trustees as 
follows: “The Neurological Institute owes 
its origin, its growth and its development 
over the past ten years to their initiative 
and their loyal and devoted service which 
has given to the Neurological Institute its 
world-wide recognition.” 

The increasing demands and the contin- 
ued inadequacy of the physical plant led, in 
the early 1920's, to discussions concerning 
an affiliation with the Columbia-Presby- 
terian Medical Center. In these delibera- 
tions Dr. Frederick Tilney was the driving 
force. His energy, vision, generosity, 
thoughtfulness, and consideration for oth- 
ers won the accolade of all who knew and 
worked with him. If the old Institute owed 
its existence primarily to Dr. Collins, the 
present Institute is equally indebted to Dr. 
Tilney, ably supported by Dr. Elsberg and 
Dr. Zabriskie. 
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In the development of the plans for the 
hospital to become a unit in the Columbia- 
Presbyterian Center, Dr. Tilney, in 1921, 
created within his own department a chair 
of Experimental Neurology, to which he 
appointed Dr. Elsberg, and two years later 
the title was changed to Professor of Ex- 
perimental Neurology and Experimental 
Neurosurgery. After the plans to move to 
the Medical Center were consummated, Dr. 
Allan Whipple, head of the Department of 
Surgery, appointed Dr. Elsberg to the sur- 
gical department as Professor of Neuro- 
surgery. 

The with Columbia and_ the 
Presbyterian Hospital involved numerous 
problems and contending loyalties; how- 
ever, after many conferences, these were 
finally resolved, and on Feb. 24, 1925, a 
combined meeting of the medical staff and 
the Board of Trustees of the Neurological 
Institute called 


affiliation 


was and the conclusion 


reached that the best interests of the Neu- 
rological Institute would be served by mov- 


ing to the Columbia-Presbyterian Medical 
Center. On March 10, 1925, this affiliation 
was ratified. This, regrettably, resulted in 
the resignation of a steadfast and cherished 
friend of the Institute, Dr. Charles Dana, 
Professor of Nervous Diseases at Cornell. 

Building plans were immediately drawn, 
and on Oct. 19, 1927, ground was broken, 
the Medical Center having given the land 
upon which the present building stands. 
Originally 10 stories were contemplated; 
but, after further deliberation, it was de- 
cided to build 4 additional floors. In June, 
1929, the Neurological Institute opened its 
new building. At last it had achieved its 
long-cherished desire for adequate modern 
facilities, enabling it to give the utmost 
to those suffering from nervous and mental 
diseases and to push forward its services as 
a teaching center, thus fulfilling the purpose 
stated by Dr. Collins in the first year of 
the hospital’s existence: “The vital element 
of our work is educational, so that through- 
out the country great profit shall come to 
all mankind through the ministrations and 
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example of those who are taught here in 
special fields.” 


A building worthy of its aims had finally 
arisen, and the Neurological Institute, with 
its laboratories, became closely associated 
with the State Psychiatric Hospital, with 
its laboratories, and the medical and_ re- 
search facilities of Columbia and_ the 
Presbyterian, to the greater advantage of 
all concerned. At this time the Institute 
looked forward to establishing an adequate 
endowment, not only to cover its running 
expenses but to enable it to carry forward 
research; however, a few months after the 
Institute opened, the depression of 1929 
struck, and the hospital in the ensuing 
years was again faced with one deficit after 
another, differing from previous deficits 
only in their magnitude. These had to be 
met and finally were assumed by the Pres- 
byterian. Without this generous support, 
the Institute would have failed. The Trus- 
tees and the Medical Board during these 
years would have sympathized with the 
Dean of Oxford University, when, after 
repeated efforts to raise money, on Oct. 23, 
1426, he appealed to the Duke of Gloucester 
for funds, saying: “Let not poverty, that 
cursed stepmother of learning, disappoint 
us of our hopes.” 

Our Neurological Institute has much to 
be proud of. It was the first neurological 
hospital on this continent and pioneered the 
first training school for nurses in this field; 
it developed special social service workers 
and occupational created the 
Laboratory School for defective children 
and the Classification Clinic, and estab- 
lished many other innovations. The spir- 


therapists, 


itual values which it has so generously 
given will long endure. Even before it 
became of age, it was recognized as a great 
institution. It remains deeply imbued with 
neurological and neurosurgical skills, which 
its founders so generously instilled. It 
brought with it, and has continued to bring 
to the Columbia-Presbyterian Medical Cen- 
ter, distinction and a heritage of which 
those who have trained here, and we who 
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have been privileged to work here, may 
well be proud. Carlyle has said: “All work 
is as seed sown; grows and spreads and 
sows itself anew.”” Thus, it is to you who 
have trained here to carry on; and if I may 
complete the title of this paper, taken from 
Shakespeare’s “Tempest”: “What is past 
is prologue; what to come in your dis- 
charge.” 


Sharon, Conn. 
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Familial Periodic Paralysis 


Report of a Case Resistant to Dextrose and Insulin Provocation 


RAYMOND F. CHEN, M.D., New York 


Familial periodic paralysis is a disease 
of unknown etiology characterized by recur- 
rent acute attacks of weakness associated 
with a fall in serum potassium levels. The 
syndrome of acute and/or repeated paresis, 
however, can be brought on by a variety 
of factors, which must be distinguished 
from those in familial periodic paralysis. 
Hammes ! that the commonest 
causes of acute paresis are poliomyelitis, 


considers 


hysteria, the Guillain-Barré syndrome, post- 
diphtheritic neuritis, tic paralysis, porphyria, 
and necrotizing myelitis. In addition, he 
reports three cases of familial periodic 
paralysis in which the disease was misdiag- 
nosed as poliomyelitis, malingering, and 
myasthenia gravis, respectively. 

Muscular weakness may result from both 
hypokalemia and hyperkalemia. Milne, 
Stanbury, and Thomson * observed a patient 
with the Fanconi syndrome who lost potas- 
sium excessively and whose condition had 
actually been diagnosed as familial peri- 
odie paralysis until the true picture was 
revealed. Attacks of flaccid paralysis were 
seen in the patients of Fitzgerald and 
Fourman * and Jackson and Oakley * second- 
ary to pyelonephritis and hypokalemia. A 
case of pyelonephritis following ureterosig- 
moidostomy has been reported * as develop- 
ing hypokalemic Evans and 
Milne ® report a case of “potassium-losing 
nephritis” which presented as familial 
periodic paralysis but with attacks lasting 
up to 20 days, a longer period than is seen 
in periodic paralysis. Conn ‘* has criticized 
this paper from the point of view of the 


paralysis. 
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possibility that the patient may actually have 
had primary aldosteronism, in the first re- 
ported case of which recurrent paralysis 
was also present. Brooks, McSwiney, 
Prunty, and Wood ® reported a case of an 
adrenal tumor which responded to cortico- 
tropin and caused paralysis through exces- 
sive electrolyte loss. Likewise, Campbell, 
Nicolaides, and Steinbeck '® report a case 
of adrenocortical tumor associated with hy- 
pertension, flaccid paralytic attacks, and 
hypopotassemia reaching levels of 2 mEq/L. 
Strong '! and Cayley '* report paralysis fol- 
lowing the ingestion of aminosalicylic acid 
in a licorice base, which may have had some 
desoxycorticosterone acetate (DOCA)-like 
action in causing salt loss. Kjerulf-Jensen, 
Krarup, and Warming-Larsen report a 
case in which, following a bout of lympho- 
cytic meningitis, an endocrine imbalance 
developed, possibly secondary to a hypo- 
thalamic lesion, Persistent hypokalemia with 
paralytic attacks developed. Paralysis may 
occur during treatment of diabetic coma 
when potassium is 
placed. 


not vigorously re- 
Inadequate potassium intake was 
the basis of Smith’s method !® of devising 
an animal analogue of familial periodic 
paralysis. Feeding dogs a low-potassium 
diet coupled with a deficiency in B-complex 
vitamins, she was able to produce such 
typical signs as bradycardia, a striking fall 
in potassium, and creatinuria in paralytic 
attacks produced by epinephrine. 

A similarity between hyperkalemic paraly- 
sis and periodic paralysis was noted by 
Finch and Marchand in a patient overtreated 
with potassium chloride as a diuretic.’7 Bull, 
Carter, and Lowe '* have reviewed the sub- 
ject of hyperkalemic paralysis and reported 
three patients with such a syndrome second- 
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ary to glomerulonephritis, Addison's dis- 
ease, and renal tuberculosis, respectively. 
Mollaret, Goulon, and Tournilhac '® have 
also discussed the subject and report a case 
of adrenal insufficiency and hyperpotassemic 
paralysis. In general, paresthesias occur, 
contrary to their absence in periodic paraly- 
sis, and the distribution of weakness is 
similar to that in Landry’s ascending paraly- 
sis, with occasional involvement of facial 
muscles. Usually, the duration of paralysis 
is longer and does not occur in paroxysms. 
Sandkiuhler,?” however, reports a patient who 
exhibited periodic seizures with potassium 
as high as 41.4 mg. % on one occasion. 

A recently christened disease, “adynamia 
episodica hereditaria,” 7! can be confused 
with familial periodic paralysis. Tyler, 
Stephens, Gunn, and Perkoff 7" studied a 
group of 33 related people with periodic 
paralysis and found no relation between 
potassium and the attacks. lurthermore, 
there was no relief of symptoms with 
potassium. Genetic study of this group was 
complicated by the fact that they were 
Mormons practicing polygamy. However, 
the authors were able to determine that the 
disease was passed as a simple dominant 
with complete penetrance. Another large 
group of victims (65) not responding to 
potassium therapy was reported by Sagild 
and Helweg-Larsen.2* the Los 
Angeles Children’s Hospital ** came the re- 
port of a mother and her three children 
who suffered paralytic attacks without re- 
sponse to potassium and without depressed 
serum potassium levels. Kaplan, Straus, 
(srumbach, and Avmard *° report a few such 
cases and tabulate the differences between 
familial periodic paralysis and adynamia. 
Gamstorp, in her monograph *! on the sub- 
ject, summarizes the findings culled from 
138 known cases, 68 of which she examined 
herself. The disease came on before the age 
of 10 years in over 90% of the patients, 
and attacks lasted about an hour. Half the 
patients showed weakness of muscles in- 
nervated by the cranial nerves. Exercise 
helped to ameliorate the attack, as did food. 
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Deep tendon reflexes were absent in over 
half the patients, and yet there were many 
who had a positive Chvostek sign. Potas- 
sium chloride was found to be almost 
uniformly successful in provoking attacks. 
Calcium given intravenously was found to 
control the seizures. Dextrose and insulin 
ameliorated attacks. As for the level of 
potassium, Gamstorp et al.?® report that in 
over 50% of attacks the potassium exceeded 
5.5 mEq/L. Electomyography showed pat- 
terns similar to those in periodic paralysis. 
The prognosis was good, and, like classic 
periodic paralysis, adynamia tended to show 
improvement after the age of 30. The 
authors postulate that the disease involves 
excessive leakage of potassium from the 
cells, although there are no biopsies as yet. 
Because an acutely paralyzed patient may 
have adynamia, serum electrolyte determina- 
tions should be done before giving potas- 
sium, 

In contrast to the above conditions, 
familial periodic paralysis has a distinctive 
clinical picture, delineated in Talbott’s re- 
view.2" The following case is an illustrative 
one, in which the patient showed resistance 
to dextrose and insulin provocation. 


Report of Case 


A 14-year-old white schoolboy was brought to 
the Bellevue Hospital emergency ward at 2 a. m. 
on Jan. 26, 1958, because of inability to move his 
arms and legs. 

The patient's illness dated back two and one- 
half years, when recurrent attacks of flaccid 
weakness had their onset. These episodes always 
came on after the patient retired to bed and oc- 
curred only in the winter months. At this time, 
signs of puberty made their appearance, e. g., acne 
vulgaris, deepening of the voice, and sexual devel- 
opment. The attacks usually followed large dinners 
on weekend nights, when the patient would eat 
fried chicken, mashed potatoes, pastries, and 
sweets. The attacks never occurred on Tuesday, 
Wednesday, or Thursday. The commonest time 
for the seizures was between 2:00 and 5:00 a. m. 
The patient usually would awaken from sleep, con- 
scious of a “numb sensation” in his legs. This 
would spread next to his arms and finally to the 
trunk, and he would be unable to turn over in 
bed. Sometimes, if he awoke early enough, he was 
able to abort the paralysis by getting up and mov- 
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ing about. Respiration, speech, and sense percep- 
tion were never affected. Occasionally, the patient 
would benefit from passive motion, application of 
warm rags, or warm tea. The attacks were in- 
creasing in frequency and severity. Whereas in 
the beginning the paralysis lasted only 2-6 hours, 
as a rule, and often could be aborted, the patient 
at the time of admission was having one to two 
attacks each week lasting up to 36 hours, involving 
complete quadriplegia. Two weeks before admis- 
sion, the patient was seen at another hospital dur- 
ing the recovery phase of an attack, and a diagnosis 
of Raynaud’s disease was made on the basis 
of the relationship of the attacks to cold weather. 
A series of histamine injections was ineffective. 

On the evening of admission, the patient retired 
to bed after a large meal of fried chicken, pota- 
toes, and cake ala mode. At approximately 10 p. m., 
he noted onset of weakness, which progressed to 
total quadriplegia in an hour and a half despite 
attempts at active movement. The patient felt 
nauseated, vomited, and complained of dyspnea. 
The parents became alarmed, and the patient was 
brought by ambulance to the hospital. 

The family history revealed that the patient’s 
parents were well, except that his 40-year-old moth- 
er had always had attacks of weakness in her 
arms. These attacks were said to be unilateral at 
times, worse during cold weather, easily aborted 
by active motion, and becoming less frequent with 
age. Two uncles on the mother’s side, living in 
Europe (the family was Ukranian), aged 25 and 
18, were said to suffer from paralytic episodes, 
similar to those of the patient. The patient’s 
father and 10-year-old brother were free from 
attacks. 

Physical examination revealed the patient to be 
a well-developed adolescent boy of muscular build, 
who was apprehensive and complained of dyspnea 
in the supine position. Blood pressure was 130/70; 
pulse, 100 a minute; respirations, 14 a minute, and 
temperature, 37.6 C (99.7 F). 
noted to be deep and labored. 


Respiration was 
Acne vulgaris and 
normal male pubic and axillary hair were present 
The chest was clear, and no cardiac abnormality 
was present. The abdomen soft, and the 
patient urinate on request. Neurological 
examination revealed almost complete flaccid quad- 
riplegia, and deep tendon reflexes were unobtaina- 
ble. He was barely able to move his toes and 
fingers. 


was 
could 


There was no decrease in sensory per- 
ception, and he cried out when blood was drawn, 
but there was no withdrawal. The 
nervated by the cranial nerves were 


Hemogram and urinalysis were normal. 


muscles in- 
intact. 


A medical resident gave 20 mEq. of potassium 
chloride intravenously on the chance that the pa- 
tient might have familial periodic paralysis. Un- 
fortunately, no blood was taken for electrolyte 


Chen 


analysis. The patient immediately improved and 
was able to stand in two hours. The following 
day he was walking about the ward normally; 
yet examination showed absence of the biceps, tri- 
ceps, pectoral, radial, and ulnar reflexes, and the 
knee jerk was 1+, the ankle jerk 2+, bilaterally, 
and the plantar response was flexor bilaterally. 
All reflexes reverted to normal later in the day. 


electroencephalogram showed asymmetry, 
with 2-3 per second and 4-7 per second activity 
in the left hemisphere. 


On the following days the patient was subjected 
to various provocative tests. On Jan. 30, dextrose, 
125 gm., was given orally, and potassium fell 
from 4.1 to 3.4 mEq/L., but no weakness was 
noted. The following day, 1 liter of 20% dextrose 
and water with 40 units of regular insulin was given 
intravenously over three hours; but, although the 
serum potassium fell to 2.9 mEq/L., there was 
again no weakness. On Feb. 3, 150 gm. of dextrose 
was given orally and 20 units of regular insulin in- 
jected subcutaneously before allowing the patient 
to go to sleep next to an open window. This 
measure also failed, and the patient was dis- 
charged on Feb. 7, 1958. 


On Feb. 19, 1958, the patient was readmitted 
with weakness, of two hours’ duration. During the 
previous two days he had come down with “grippe,” 
consisting of headache, fever, and slightly produc- 
tive cough. On admission, physical examination 
revealed the blood pressure to be 160/90, pulse 80, 
respiration 20, and temperature 38 C (100.4 F). 
There was weakness of the arms and legs, and 
the reflexes were hypoactive and equal on the two 
sides. The neck muscles were weak, and the pa- 
tient could not urinate. Laboratory findings were 
normal except for a corrected sedimentation rate 
of 24 mm/hr. and a white blood cell count of 
10,000, with a normal differential. The BUN was 
13 mg. %; sodium, 147 mEq/L.; potassium, 2.0 
mEq/L., and phosphate, 2.4 mg. %. He was given 
40 mEq. of potassium chloride in a glass of orange 
juice, and immediately began to show improved 
muscle function. One hour after admission and 
after administration of potassium, the serum potas- 
sium was 2.3 mEq/L. At this point the patient 
was able to walk. Six hours after admission, 
serum potassium was 2.4 mEq/L., and seven hours 
after admission it was 2.7 mEq/L. By then, full 
muscle strength had returned. A repeat electro- 
encephalogram on this admission showed the same 
pattern. His mother and 10-year-old brother were 
given 125 gm. of dextrose orally. The mother’s 
potassium fell from 3.6 to 3.2 mEq/L. and the 
brother’s fell from 3.4 to 3.1 mEq/L., but no 
paralysis resulted. The patient was discharged on 
Feb. 22, 1958, and was told to take 3 gm. of 
potassium chloride before bedtime on weekend 
nights and whenever he felt the onset of weakness. 
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On March 17, 1958, the patient was seen in the 
emergency ward with total quadriplegia following 
a heavy meal. He had been unable to abort the 
attack with 5 gm. of potassium chloride. Given 3 
gm. more by mouth, he recovered sufficiently to be 
sent home. 

On June 20, 1958, the patient was admitted for 
the third time for weakness. He had not taken 
prophylactic potassium for several weeks because 
he had never been stricken with an attack this late 
in the year. On this occasion, the patient showed 
the usual flaccid paralysis and absence of deep 
tendon reflexes; abdominal reflexes also were ab- 
sent. A soft, blowing systolic murmur was heard 
in the pulmonic area, radiating to the neck. The 


patient was catheterized to relieve bladder dis- 
comfort. The electrocardiogram showed predomi- 
nantly flattening of the T-waves. Serum 


potassium was 2.0 mEq/L. He recovered after 
ingesting 3 gm. of potassium chloride dissolved 
in orange juice. The following day, serum potas- 
sium was 5.6 mEq/L., and there was no evidence 
of cardiac murmur or electrocardiographic ab- 
normality. He was discharged on June 24, 1958. 

On July 6, 1958, the patient was admitted for 
the fourth time with paralysis, which had not been 
prevented by active motion and 3 gm. of potassium 
chloride. Blood 120/50, pulse 8&6, 
respirations 18, and temperature 38 C. 


pressure was 
The elec- 
trocardiogram showed low or isoelectric T-waves 
in Leads III, aVe, and Vs to Vs, and prominent 
U-waves in Leads Vs; through Vs. No treatment 
was given, and the patient recovered spontaneously 
over a period of 10 hours. 
148 mEq/L., serum potassium 3.1 
mEq/L., and serum chloride 107 mEq/L. After 
recovery, serum potassium was 6.0 mEq/L., serum 
sodium 144 mEq/L., and chloride 101 
mEq/L. He was discharged on July 8, 1958. 

At present the patient is well and maintained on 
1 gm. of potassium chloride a day except for 
weekend days, when he takes 3 gm. He has been 
cautioned to refrain from overeating and to avoid 
rich, salty foods. 


On admission, serum 


sodium was 


serum 


This patient exhibits many characteristic 
features of familial paralysis, 
among which several are to be noted. 1. Fa- 
milial history. Sporadic cases are not un- 
Herrington in 1937, 
estimated that 80% of victims gave a family 


periodic 


common, however. 


history of the disease; but this figure was 
based on a relatively small number of cases, 
and the exact percentage is not known. 
2. Onset of symptoms with puberty. 3. Oc- 
currence of severer attacks in cold weather 
and absence of attacks during the summer. 
4. Frequency of attacks at night. 5. Precipi- 
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tation of attacks by heavy meals. 6. Abortion 
of attacks by active and passive motion. 
7. Typical distribution of the paralysis, 
starting in the proximal portions of the 
extremities. 8. Precipitation of attacks by 
upper respiratory infections. 9. Electro- 
cardiographic abnormalities. 10. Low potas- 
sium levels, reaching 2.0 mEq/L. on two 
occasions, and still low in the recovery phase 
(2.4-2.7 mEq/L. during the second admis- 
sion). 11. Low phosphate concentration 
during an attack. 12. Effectiveness of potas- 
sium chloride in terminating an_ attack. 
13. Ineffectiveness of ingested potassium in 
preventing attacks in the absence of adequate 
dietary restrictions. 14. Misdiagnoses, in- 
cluding “Raynaud's disease’’ and “conver- 
sion reaction.” Familial periodic paralysis 
has been mistaken for psychogenic syn- 
dromes before; indeed, Talbott 77 cites a 
case of a Russian soldier killed by his 
comrades for ‘“malingering.”” It is believed, 
however, that this is the first time this dis- 
ease has been misdiagnosed as Raynaud's 
dlisease. 

Among the less typical features here was 
the respiratory involvement, which is known 
It is 
probably the commonest cause of death in 
this ® In a case reported by 


to occur, but only in severe attacks. 


disease.?7:? 


Kosonen,*” 


a respirator had to be used. The 
mother’s history of unilateral attacks in the 
arms is atypical, since the legs are usually 
affected first, and attacks are almost always 
bilateral, although exceptions have been re- 
corded.*! 


electroencephalogram was 
considered abnormal; but, while this is 


unusual in periodic paralysis,** about 10% 
of normal people have abnormal electro- 
encephalograms.** 

The difficulty in producing attacks, despite 
such harsh measures as intravenous dextrose 
and insulin, is of some interest. Recent 
work by Conn and his co-workers * has 
shown that patients may be protected from 
the provocative effect of dextrose and insulin 
by limitation of sodium intake. The present 
patient was subjected to a routine hospital 
diet for three days before attempts were 
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made to provoke attacks. Such diets, con- 
sisting of 1,800-2,500 Cal. per day, may con- 
tain as little as 5 or 6 gm. of sodium 
chloride.** Whereas the patient readily 
suffered paralytic seizures at home, inad- 
vertent limitation of sodium during the 
course of his admission probably resulted 
in increased resistance to 
insulin. 


dextrose and 
This assumption is further sup- 
ported by the failure of potassium chloride 
to stop severe attacks in the absence of 
dietary admonitions, whereas the patient has 
remained asymptomatic after being told to 
limit his intake of rich, salty foods. 


Comment 


It was Aitken, Allott, Castleden, and 
Walker,®® in 1937, who noted that a fall in 
serum potassium was a prominent and con- 
stant feature of an attack of periodic paraly- 
sis. Biemond and Daniels ** had recorded 
a rise in potassium following an attack, but 
stated: “Most investigators believe that it is 
a question of some toxic process.” Aitken 
et al.%® postulated that the fall in potassium 
was directly related to a block in neuromus- 
cular conduction or muscular contraction. 
Grob, Johns, and Liljestrand** feel that 
there is a derangement of the normal ratio 
between intracellular and extracellular potas- 
sium concentrations, i. e., [Ki]/[K.], which 
is largely responsible for the resting muscle- 
membrane potential. During an attack, [Ko] 
decreases, owing to a movement of potas- 
sium into the cells, rendering the membrane 
hyperpolarized and impervious to depolariza- 
tion by direct, electrical, or acetylcholine 
stimulation. Johns, Liljestrand, Grob, and 
Harvey *® have also demonstrated a_ partial 
neuromuscular block due to resistance of 
the motor end-plate to depolarization. Since 
the membrane potential of nerves is also 
dependent on potassium concentrations, one 
might ask whether the paralysis is partially 
neurogenic. However, there is no sensory 
disturbance in this disease, and the electro- 
myogram typically shows patterns similar 
to those in primary muscle disorders.*° 
Kugelberg *! has found that the muscle 


Chen 


involvement is 


more 


diffuse in periodic 
paralysis than in neurogenic lesions, which 
show correspondence to motor units. Both 
Petersén and Widén*® and Kugelberg *! 
have noted the shortening of spike potentials 
in this disease down to the range of 1-3 msec. 
Merton *? mentions that the electromyogram 
in periodic paralysis is similar to that in 
fatigued muscle. It was through electro- 
myography that the peripheral nature of the 
lesion was confirmed by Gammon and 
Harvey ** in 1941. These authors traced 
the rise in stimulation threshold as an attack 
developed, using the fifth short flexor of 
the hand to record from while stimulating 
the ulnar 
Savitsky 
tractile 


nerve. Gass, Cherkasky, and 
have suggested that the con- 
mechanism may be affected by 
intracellular binding of potassium. 

Stewart, Smith, and Milhorat * were the 
first to give electrocardiographic evidence of 
heart involvement in this disease, and dem- 
onstrated the pattern changes of hypopotas- 
semia. Van Buchem * postulates that there 
is a drawing in of potassium into the skeletal 
muscle cells, leaving the myocardium rela- 
tively deficient; i. e., the involvement of the 
heart is due to an intracellular lack of 
potassium, while the opposite is true in 
skeletal muscle. 

The loss of potassium from the intravas- 
cular space was at first an enigma, and some 
authors thought that it was lost through 
the urine. Careful balance studies by Gam- 
mon et al.4* and also by Ferrebee et al.**-** 
showed that there was actually a retention of 
potassium, and sometimes also of water. 
Gass et al.4* confirmed the salt and water 
retention in their patient. The logical sup- 
position was that potassium entered the cells 
during an attack. Cumings, in biopsy studies 
of various muscle disorders,®°*? has found 
a high potassium content in muscle in 
periodic paralysis, as well as in myasthenia 
gravis, and a low potassium in myotonic 
muscle. Vastola ®* biopsied muscle between 
and during attacks of periodic paralysis and 
found that, while there was no demonstrable 
difference in the concentration of potassium 
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in the samples, there was a 39% increase in 
potassium content expressed in terms of dry 
muscle weight. This indicates that there is 
movement of fluid as well as potassium 
into the cell. Earlier biopsies, such as those 
by Crafts,®* Zabriskie and Frantz,®* and 
Allott and McArdle,® revealed vacuolation 
of muscle cells, interpreted as pockets of 
newly formed intracellular fluid.®* Clini- 
cally, it has been said that the muscles feel 
firm despite the flaccid paralysis,?’ pre- 
sumably owing to an increased fluid content. 
Neel showed marked differences in the 
circumferences of the limbs of his patient 
during and after an attack. Conn et al.,** 
in biopsies, also noted the increased potas- 
sium and fluid content, as well as an in- 
creased intracellular sodium. Because of 
fluid movement into the cells, one might 
expect contraction of the extracellular fluid 
volume, but this was not demonstrable by 
Danowski et al.,°® using the mannitol method. 
This is not surprising, since there is prob- 
ably an increase in total body fluid, urine 
volume falling to as little as 660 ml. a day 
in some instances, and recovery is ac- 
companied by diuresis.** 

Conn and his co-workers ® have recently 
reawakened interest in sodium metabolism 
in this disease. Serum sodium has been ob- 
served to rise during the attack,?” although 
it is a relatively small elevation in compari- 
son with the fall in potassium. In the patient 
studied by Conn et al.,% an attack was 
heralded by an impressive increase in 
aldosterone secretion, followed by sodium 
and water retention. Since potassium reten- 
tion and paralysis occurred somewhat later 
than this, and sodium diuresis occurred be- 
fore potassium diuresis in the recovery 
phase, these authors suggest that sodium is 
even more significant than potassium. Fur- 
ther evidence for this was presented in a 
later study.** It was demonstrated that a 
diet containing only 8 mEq. of sodium per 
day protected the patient from attacks in- 
duced by dextrose and insulin, whereas a 
diet with 208 mEq. per day did not. Potas- 
sium and other factors were kept constant, 
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since Ziegler and McQuarrie *!:** have dem- 
onstrated that susceptibility to attacks is 
dependent on a variety of factors. Interest- 
ingly, although dextrose and insulin pro- 
duced no paralysis with the patient on a 
low-sodium diet, the characteristic increase 
in aldosterone production occurred. 
Although recurrent paresis is the most 
obvious manifestation of this disease, it is 
clear that there are abnormalities during 
“well” periods. Grob et al.,*** by the 
technique of measuring arteriovenous dif- 
ferences in potassium concentration, showed 
that victims of this disease have an anoma- 
lous response to insulin. Whereas normal 
subjects lost potassium from muscle when 
given insulin,® presumably because of depo- 
sition of this cation with glycogen in the 
liver, there is an increased muscular up- 
take of potassium in periodic paralysis. 
McArdle ® has described experiments in 
which the arteriovenous difference in potas- 
sium concentration in patients with familial 
periodic paralysis was measured during and 
after exercise. These patients took up 1 
times as much potassium as the controls 
after work, having lost an inordinate amount 
during exercise. This technique has shown 
abnormal potassium uptake before an attack 
and leakage of potassium in the recovery 
phase,** but McArdle’s experiments showed 
an abnormality between attacks. Coupled 
with the fact that pyruvate and lactate levels 
after exercise were two and one-half times 
normal, and the fact that phosphate usually 
falls along with potassium concentration 
during an attack, McArdle’s experiments 
seem to point to a defect in carbohydrate 
metabolism. Allott and McArdle * have 
postulated a block in glycolysis at the hexose 
phosphate level. Potassium would then move 
into the cell to neutralize the impermeable 
organic anions in accordance with the theory 
of Conway and Boyle.“ Other lines of 
evidence that there is something wrong even 
during “normal” periods arise from observa- 
tions by Conn et al.,3# who noted that their 
patient exhibited intermittent aldosteronism 
between attacks. Also, administration of a 
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mineralocorticoid, 2-methyl-9-a-fluorocorti- 
sone, produced both sodium and potassium 
retention in this patient, whereas in normal 
people there is a sodium retention and potas- 
sium loss. 


It has long been noted that patients with 
periodic paralysis have clinical weakness at 
potassium levels which do not affect other 
subjects.°%* Practically any measure to lower 
serum potassium will provoke an attack, and 
such tests have become popular often without 
any purpose aside from confirmation of the 
diagnosis. Such measures include adminis- 
tration of dextrose and/or insulin, water 
diuresis,*7 


ingestion of ion-exchange res- 
thyroid extracts,” 
and corticotropin. Hypermetabolic situa- 
tions, such as exposure to cold, excitement, 
and infections, may bring on attacks possibly 
by lowering potassium level. These facts 
per se indicate little more than that the 
periodic paralytic is more sensitive than 
usual to low potassium concentrations. Dem- 
onstration of paralysis by local cooling of an 
extremity by Zabriskie and Frantz® and 
Ziegler ** has not been fully explained, but 
McArdle,™ who confirmed these results, in- 
dicates that there may be some alteration of 
membrane equilibrium brought about by 


interference with metabolic processes. 


The increased frequency of attacks during 
the night is a long-recognized feature of 
familial periodic paralysis,2* and is demon- 
strated by the patient. Obvious factors 
may be responsible here, such as the lower 
temperatures at night, the lack of motion 
during sleep, and the fact that a large meal 
may have been ingested shortly before re- 
tiring. Metabolic changes which occur dur- 
ing sleep are reviewed by Robin,** who 
notes that fully 70% of the daily production 
of corticosteroids occurs between the hours 
of 12 and 7 a. m. Perkoff et al.™ recently 
have presented evidence that increased secre- 
tion of corticotropin is the basis for this 
diurnal variation. Conn et al.** have pro- 
duced an attack with a synthetic mineralo- 
corticoid, McArdle ® brought on 
severe paresis with corticotropin. Increased 
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steroid production may therefore at least 
reinforce the tendency toward more frequent 
nocturnal attacks. On the other hand, 
aldosterone production has been shown to 
be greater in the day than at night,” but 
no similar studies have been reported on 
patients with periodic paralysis. Zierler and 
Andres ** observed that a shift of potassium 
into muscles at night took place in normal 
people, with extrusion of potassium taking 
place by midmorning. In their two patients 
with periodic paralysis, they found that the 
rate of potassium movement was 5 to 10 
times normal. These interesting results 
could be explained on the basis of an in- 
creased secretion of steroids or an abnormal 
response to a normal rate of secretion. 


made of the 
occurrence of periodic paralysis in various 


srief mention should be 
thyroid disorders and the possible etiologic 
significance of such a relationship. Shino- 
saki*! reported on the first patients in 
1921, most of whom had hyperthyroidism, 
while a few had simple struma. In the first 
English-language article on the subject, 
Dunlap and Kepler™ reported on seven 
patients with periodic paralysis, four of 
whom were hyperthyroid. Hildebrand and 
Kepler ** observed a patient who seemed to 
have classic periodic paralysis as a child 
but appeared to have “outgrown” the disease. 
He later developed thyrotoxicosis, a recur- 
rence of paralytic attacks, and was cured by 
thyroidectomy. The authors speculate that 
there is some direct effect of the thyroid on 
muscle, rendering it susceptible to periodic 
paresis, since thyroid goiter is not usually 
associated with marked hypopotassemia. 
Lindner *® has reviewed the now substantial 
literature on this subject and cautions that 
periodic paralysis may be an early sign of 
hyperthyroidism, This is further borne out 
by the recent report of Okinaka et al.,*° 
who summarize the experience in three 
Japanese hospitals, where, out of 6,333 pa- 
tients with hyperthyroidism, 1.9% had at- 
tacks of periodic paralysis. Among 1,214 
males the incidence was 8.2%, whereas it 
was only 0.4% in females. The authors 
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found that fully 27% of those developing 
periodic paralysis did so before the onset 
of thyrotoxic symptoms. These studies again 
emphasize the difficulty in deciding. whether 
or not there is some abnormality basic to 
both classic and thyrotoxic periodic paraly- 
sis. Adams et al.*? consider the two to be 
separate diseases, and McArdle®™ has the 
impression that potassium levels fall farther 
in thyrotoxic periodic paralysis. Clinically, 
however, the diseases are indistinguishable 
except for the symptoms of thyroid disease; 
and more studies are needed to clarify the 
interrelationship of thyroid, adrenal, and 
muscle in periodic paralysis. 


Summary 


Familial periodic paralysis must be distin- 
guished from a variety of acute paralytic 
syndromes, among which are both hypo- 
kalemic and hyperkalemic conditions. 

The case of a 14-year-old youth with the 
classic signs of familial periodic paralysis 
is presented. Although attacks developed at 
home with great frequency, this patient 
exhibited resistance to the provocative effects 
of dextrose and insulin in the hospital. It 
is inferred that this resistance was due to a 
relatively low sodium intake while on a 
routine hospital diet. The patient experi- 
enced attacks despite potassium prophylaxis, 
but became asymptomatic after receiving 
dietary admonitions. 

There is evidence that the fall in serum 
potassium brings about paralysis by altering 
muscle-membrane potential. Clinical, his- 
tological, and metabolic studies suggest fluid 
and electrolyte changes, mediated by a 
hormonal abnormality. Greater frequency of 
attacks at night supports this view. 

Periodic paralysis associated with hyper- 
thyroidism seems closely related to classic 
familial periodic paralysis, and there may be 
some interplay between thyroid, adrenal, 
and muscle in this disease. 

Dr. H. G. Wolff gave advice in preparing the 


manuscript. 


Department of Medicine, County General Hos- 
pital, Salt Lake City. 
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Spinal Cord Convulsions 


DON W. ESPLIN, Ph.D., Salt Lake City 


The motor manifestations of maximal 
seizures have similar patterns in man and 
most laboratory animals.' Since the motor 
pattern itself, apart from electrical cor- 
relates of convulsive activity, provides diag- 
nostic guides in clinical epilepsy, as well as 
useful end-points in research on convulsive 
disorders, elucidation of the neural deter- 
minants of the convulsion pattern is of 
basic significance. Studies on the determi- 
nants of the motor pattern have largely 
centered around stimulation of specific 
supraspinal areas and correlation of electrical 
activity of the brain with motor behavior. 
The reflex mechanisms of the spinal cord 
have little attention, the 
majority of investigations have, by implica- 


received 


tion, assigned a passive role to the cord. 
The importance of spinal reflexes in deter- 
mining the seizure pattern was shown by 
recent experiments from this laboratory,” in 
which it was demonstrated that the maximal 
seizure pattern is profoundly modified by 
dorsal-root section. The results of these 
experiments led to the present study, in 
which the entire spinal cord was stimulated 
in decapitate animals. While such stimula- 
tion may have no precise counterpart in 
either epileptic or electroshock seizures, the 
fidelity with which the maximal (grand mal) 
seizure pattern may be reproduced suggests 
that the final integration of the supraspinal 
seizure discharge into the motor pattern is 
accomplished by the reflex mechanisms of 
the spinal cord. 


Methods 


Tracheal cannulation and section of the spinal 
cord through an incision at the atlanto-occipital 
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junction were performed under ether anesthesia. 
After section below the medulla, the animal was 
maintained on artificial respiration. In some ex- 
periments cerebral structures were destroyed by 
ligating the carotid arteries and clamping the 
vertebral arteries. From 30 to 60 minutes was al- 
lowed for elimination of the ether. The stimulating 
electrode was of stainless-steel wire, insulated ex- 
cept for the portion in contact with the spinal 
cord. The noninsulated portion, about 4 cm. long 
(cat and rabbit), was inserted into the cord from 
about C-1 to C-4. Proportionately smaller elec- 
trodes, similarly placed, were used for rat, hamster, 
and mouse. The cord electrode was the cathode; 
the anode was attached to surrounding tissues. 
Square-wave stimuli were delivered by a Grass 
stimulator. Maximal-stimulus parameters, in terms 
of the intensity of the motor response, were found 
to be 1-2 msec. and 30 to 50 volts. With maximal 
stimulation the entire cord was stimulated, and 
both hindlimbs moved in synchrony, even if the 
electrode was placed along one side of the cord. 
Motor patterns were observed for the hindlimbs 
only, since there was a component of direct stimu- 
lation to forelimb nerves. 

After determining the parameters required for 
supramaximal stimulation, motor responses were 
studied only as a function of stimulus frequency. 
Simple motor sequences, such as the flexor-extensor 
convulsion, were timed by visual observation. 
Records of complex motor events, such as recipro- 
cating stepping movements, were made on a Grass 
polygraph by means of strain gauges. 

Maximal electroshock seizures were elicited by 
supramaximal brain stimulation for 0.2 second 
with a 60-cycle alternating current electroshock 
apparatus.* Corneal electrodes were employed with 
all species. 


Results 


The hindlimb motor patterns in response 
to spinal cord stimulation at C-1 to C-4 were 
examined at stimulus frequencies of from 
1 to 300 per second. Figure 1 gives the 
duration of each phase of the convulsion 
during continuous stimulation in the cat. 
At low frequencies (below about 10/sec.) 
running and clonic movements are observed. 
At frequencies between 10/sec. and 40/sec. 
the hindlimbs are maintained in tonic flexion. 
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Fig. 1.—Hindlimb re- 
sponses of the cat to 
continuous supramaximal 
spinal cord stimulation at 
various frequencies. A 
vertical projection from 
any stimulus frequency on 
the abscissa intersects 
the fields representing the 
successive phases of the 
convulsion. The duration 
of each phase is given by 


TIME - SEC. 


the time values, on the 
ordinate. 


In some animals the flexion is interrupted 
by brief extensor thrusts. At still higher 
frequencies, flexion changes abruptly to 
rigid hindlimb extension, and the pattern 
closely resembles that of the maximal seizure 
of the intact animal. As_ frequency of 
stimulation is increased, the time to exten- 
sion diminishes. It can be seen that the 
flexor phase at high-frequency stimulation 
is preceded by a latent period. During this 
phase, which lasts about 1.5 second, the 
hindlimbs show no response, either tonic or 
clonic, to the stimulus, Stimulation of the 
cord through an electrode inserted at T-3 
results in the same motor sequences as 
depicted in Figure 1. 

The pattern of motor events shown in 
Figure 1 has been observed, with only minor 
variations, in each of 22 cats examined. The 
electroshock seizure pattern in intact cats 
is not so constant; about 30% of animals 
(flexor cats) characteristically do not show 
tonic extension during an_ electroshock 
seizure.'? All animals extend during a 
spinal cord convulsion ; however, flexor cats 
exhibit extension at a slightly later time 
than do those animals which characteris- 
tically extend in the electroshock seizure. 
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TATENCY 
100 200 300 
STIMULUS FREQUENCY -PULSES PER SEC. 


In addition to the cat, four species 
(rabbit, rat, hamster, and mouse) have been 
studied. While each species exhibited char- 
acteristic features, all phases of the convul- 
sion shown in Figure 1 were observed in all 
animals. 

The responses of the hindlimbs to stimula- 
tion at low frequencies (less than 10/sec.) 
deserve particular attention. At most stimu- 
lus rates the two limbs respond in synchrony 
to each stimulus. The initial movement is 
always flexion. At two distinct frequencies 
(about 3/sec. and = 8/sec.) alternating 
stepping movements, with each limb moving 
at one-half the stimulus frequency, are ob- 
served in the cat. At the higher frequency 
of stimulation (8/sec.) the stepping move- 
menis are superimposed upon weak tonic 
flexion. These movements, which resemble 
the natural act of progression, would er 
to be similar to those described by Brown,* 
who stimulated the cord by transection in a 
previously decerebrated cat. In Figure 2 
such stepping movements are contrasted with 
the tonic convulsion produced by _high- 
frequency stimulation. 

Of especial significance in the record of 
Figure 2 is the fact that tonic extension 
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Fig. 2.—Hindlimb responses of cat to spinal cord stimulation, illustrating alternating step- 
ping movements (3.2/sec.) and flexor-extensor convulsion (300/sec.). R, right limb; L, left 
limb. Arrows in record at 300/sec. indicate beginning and end of stimulation. The feet of 
the cat were coupled to strain gauges by means of rubber bands. Flexion is upward and 
extension is downward in all records. In the record at 3.2/sec. it can be seen that the two 
limbs are of opposite phase and that each moves at one-half the stimulus rate. The record at 
300/sec. shows tonic flexion with superimposed tremor, tonic extension, and persistence of 


extension beyond the period of stimulation. 


continues for about three seconds after the 
end of stimulation at 300/sec. This indicates 
that circuits in the spinal cord are capable 
of producing intense after-discharge. The 
duration of poststimulation extension as a 
function of duration of tetanic stimulation 
of the cord is shown for two species in 
Figure 3. The negative slopes of the curves 
indicate that the neurons responsible for the 
self-sustained activity are themselves fa- 
tigued during continued stimulation. With 
tetanic stimuli too brief to produce tonic 
extension, after-discharge which produces 
clonic movements may continue for as long 
as 10 seconds in the cat. Trimethadione, in 
an anticonvulsant dose, markedly diminishes 
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15 


the extent of after-discharge in the spinal 
cord. 

The technique of spinal cord stimulation 
offers a means of assessing, in a rough way, 
the selectivity of depressant drugs for spinal 
The anticon- 

number of 
antiepileptic drugs has been compared in cats 


and supraspinal structures. 
vulsant effectiveness of a 
against maximal electroshock seizures and 
spinal cord convulsions. These drugs, in 
order of increasing effectiveness against the 
spinal cord convulsion, trimethadione, 
carbon dioxide, phenobarbital, and diphenyl- 
hydantoin. Trimethadione, minimally 
neurotoxic doses, has little effect upon the 


spinal cord convulsion. Diphenylhydantoin, 


HAMSTER 


) 


DURATION OF MAXIMAL STIMULATION — sec. 


Fig. 3—Duration of hindlimb extension which persists after stimulation of the spinal cord 
as a function of duration of tetanic stimulation in two species. Stimulus frequency was 300/sec. 
in both instances, Dose of trimethadione (Tridione) was 300 mg/kg., given intravenously. 
Arrows on abscissas indicate the times of onset of extension in untreated animals (E) and 
following trimethadione (Er). Note that tonic extension occurs even if stimulation is termi- 
nated just prior to the onset of extension. 
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on the other hand, has a slight effect upon 
the convulsion in ordinary anticonvulsant 
doses and a marked effect at the minimally 
The effect of anticon- 
vulsant medication, as well as that of 
postictal depression, is to shift upward and 
to the right the curve dividing the flexor 


neurotoxic dose. 


and the extensor field (Fig. 1). Pentobar- 
bital, a general depressant drug, has a 
profound effect upon the spinal cord seizure 
in minimally anticonvulsant doses. This in- 
dicates a lack of selectivity of this drug for 
supraspinal structures. 

Anticonvulsant drugs, in order to .be of 
clinical value, must affect the origin or 
spread of epileptic discharge in the brain. 
Nevertheless, the spinal cord convulsion may 
be a useful model system, intermediate in 
complexity between simple reflex arcs and 
the entire central nervous system, upon 
which the actions of anticonvulsants and 
other selective depressant drugs can be in- 
vestigated. 


Comment 


With the technique employed, all tracts 
of the spinal cord, both sensory and motor, 
are stimulated synchronously. Stimulation 
of sensory fibers antidromically should have 
no effect upon the motor response. It would 
be a remarkable accident, however, if the 
impulses impinging upon motoneurons of 
the hindlimb muscles corresponded in tem- 
poral and spatial characteristics to those 
which result from electroshock stimulation 
of the brain. The problem of simulating the 
epileptic discharge is not unique to this 
study but is encountered in all experiments 
with spinal and supraspinal stimulation. If 
the motor patterns produced by this tech- 
nique of stimulation were dissimilar to those 
observed during a maximal seizure, their 
interpretation would be difficult. Spinal cord 
stimulation can, however, faithfully duplicate 
all the motor responses seen with electro- 
shock stimulation in the intact animal. These 
experiments suggest, therefore, that the 
reflex functions of the spinal cord may be 
of paramount importance in integrating the 
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cerebral discharge into the characteristic 
motor seizure pattern. 

With spinal cord stimulation, purely 
phasic or purely tonic responses can be 
predictably obtained by variation in the fre- 
quency parameter alone. The response is 
therefore dependent only upon the number 
of impulses arriving at the motoneurons in 
a given time and not upon the origin or 
function of the tract carrying these im- 
pulses. 

The voluminous and controversial litera- 
ture on motor response to stimulation of 
discrete cortical and subcortical structures 
is not directly pertinent to the major con- 
clusions to which these experiments point. 
Rosenblueth — and 
Cannon ®; Landau‘; Penfield and Jasper *) 


have shown that tonic and phasic limb move- 


Such studies (e. g., 


ments may be produced by stimulation of 
a multitude of structures individually. How- 
ever, during the tonic flexor-extensor con- 
vulsion observed whenever the entire brain 
is maximally stimulated, it can be assumed 
that there is intense asynchronous activity 
in virtually all the efferent spinal tracts as 
a consequence of activity in many cerebral 
areas. There is little reason to believe that 
such activity has any functional meaning to 
reflex systems of the spinal cord; rather, it 
appears that the stereotyped flexion-exten- 
sion sequence is the natural response of 


‘ 


spinal reflex systems to intense “scrambled” 
cerebral activity. Inasmuch as the convulsion 
patterns produced by maximal brain stimula- 
tion and by tetanic spinal cord stimulation 
are identical, it would appear that the latter 
mode of stimulation effectively duplicates 
the result of the former. In other words, 
the spinal reflex systems do not discrimi- 
nate between the barrages of impulses 
generated by the two modes of stimulation. 
There is correspondence not only between 
the maximal seizure pattern and that pro- 
duced by maximal (300/sec.) spinal cord 
stimulation ‘but also between submaximal 
generalized seizure activity and the response 
to low-frequency (less than 50/sec.) spinal 


cord stimulation. Thus, flexion the 
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phasic movements produced by 
cord stimulation resemble the 
clonic patterns observed following brain 
stimulation under central 
nervous system depression, such as during 
postictal depression or following anticonvul- 
sant treatment.! Similarly, the electroshock 
seizure patterns described by Millichap ® in 
young rats at various stages of development 
of the nervous system are comparable to 
the distinct motor patterns (phasic move- 
followed by 


conditions of 


ments, flexion, and flexion 
extension) produced by successively higher 
frequencies or spinal cord stimulation, 

A surprising and significant finding in 
these experiments was the appearance in the 
cat of a pronounced latent phase during 
high-frequency stimulation. The response to 
low-frequency stimulation is virtually im- 
mediate, indicating brief conduction time in 
the pathways concerned, During stimulation 
at 300 per second, however, the flexor phase 
is preceded by a period of unresponsiveness, 
lasting approximately 1.5 seconds. -A latent 
phase of similar duration is seen in the cat 
during the maximal electroshock seizure.' 
While this period in the intact animal may 
depend in part on the time required for 
build-up in intensity of the supraspinal dis- 
charge, these experiments suggest that the 
latent phase inherent in the spinal cord may 
contribute significantly to the total latency 
in maximal seizures. 

In spinal cord preparations which have 
not been fatigued by excessive stimulation, 
it is characteristically observed that the 
response outlasts the period of stimulation. 
This is true for both the clonic response and 
the tonic phase of the convulsion (lig. 2). 
Thus the spinal cord is capable of intense 
self-sustained discharge 
stimulation. Although it cannot be ques- 
tioned that the areas primarily responsible 


following tetanic 


for maintaining seizure discharge in_ the 
intact animal are supraspinal, the role of 
the spinal cord may not be entirely disre- 
garded in this respect. Furthermore, the 
self-sustained activity of the spinal cord may 
be generally relevant to the interpretation of 
the effect of 


studies of stimulation of 


Esplin 


supraspinal structures on motor events. 
Thus, the existence of tonic motor activity 
following brief stimulation of a region of 
the brain does not warrant the conclusion 
that this produces after-discharge 
unless supporting evidence, such as electrical 
records from the site stimulated, is pre- 
sented. 


area 


A striking feature of both the maximal 
seizure and the spinal cord convulsion is the 
abrupt change from tonic flexion to tonic 
extension. The results presented strongly 
indicate that the determinants of this change 
in the intact animal are spinal reflex sys- 
tems. The alternative hypothesis, namely, 
that the sequence results 
from specifically directed suprasegmental 


flexor-extensor 


discharges, is rendered extremely improb- 
able. An explanation based on the known 
reflex functions of the spinal cord was 
proposed in the previous investigation ?; 
since it is applicable to the present experi- 
ments, it will be briefly restated. The most 
powerful muscles of the hindlimb are the 
antigravity muscles, those of physiological 
extension. Extensor muscles are normally 
under a considerable degree of background 
inhibition,’°'! and this inhibition is enhanced 
by ongoing interneuronal activity.’* Thus, 
the first response of the hindlimb to stimula- 
tion is one of flexion (Fig. 2). During 
sustained flexion, the degree of inhibition 
of the extensor motoneurons is lessened, 
with the result that the extensor muscles 
overpower the flexors. It was shown previ- 
ously * that the change from flexion to ex- 
tension is dependent upon intact afferent 
pathways in the lumbosacral cord, and the 
facilitation of extensor muscles may there- 
fore be presumed to arise from the Golgi 
tendon organs which are activated during 
sustained contraction of the flexor muscles.!! 
Once the powerful extensors are activated, 
the limb remains in extension throughout 
the tonic phase of the convulsion despite 
continued flexor activity.2 The terminal 
clonic movements may depend to a large ex- 
tent upon interactions between the antagonis- 
tic motoneuron pools, through inverse 
myotatic reflexes," as well as upon the 
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upon the motoneurons. 


Summary 


Continuous, maximal (300/sec.) stimula- 
tion of the cervical spinal cord in a decapitate 
cat results in a sequence of hindlimb move- 
ments identical with those seen in the max- 
imal electroshock seizure and in_ the 
grand mal epileptic convulsion. Thus, the 
initial latent phase, the brief tonic flexion, 
and the abrupt change from flexion to ex- 
tension cannot be ascribed to specific supra- 
spinal events, but appear to represent the 
natural response of the spinal cord to 
intense, general stimulation. These motor 
components have also been observed in four 
other species of laboratory animals (rabbit, 
rat, hamster, and mouse). 

At low-stimulus frequencies, tonic flexion 
(10/sec. to 40/sec.) and phasic movements 
(less than 10/sec.), resembling the mani- 
festations of submaximal generalized seizure 
activity, can be elicited. Tonic motor activity, 
once initiated, outlasts the period of stimula- 
tion. Thus the spinal cord is capable of 
intense self-sustained activity, which does 
not appear to be qualitatively different from 
that of supraspinal structures. 

Clinically useful anticonvulsant drugs 
have less effect on convulsions produced by 
spinal cord stimulation than upon seizures 
elicited by brain stimulation. By contrast, 
pentobarbital, which is not of value in 
clinical epilepsy, is equally effective against 
the two convulsions. The spinal cord con- 
vulsion may have utility as a model system 
in which to investigate loci and mechanism 
of action of agents and factors which affect 
abnormal movements. 
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Carotid Artery Occlusive Syndrome 


L. J. HURWITZ, M.D.; SIGMUND N. GROCH, M.D.; IRVING S. WRIGHT, M.D., and 


FLETCHER H. McDOWELL, M.D., New York 


The symptomatology of carotid artery oc- 
clusive disease has always been of great in- 
terest to clinicians and has been well 
described in the past.'° It has been em- 
phasized that the patterns and_ potential 
course of the disease are numerous and com- 
plex. Since the development of therapeutic 
measures which have been advocated for 
this condition, it has become essential to 
study carefully a group of patients with 
documented carotid occlusive disease. This 
is particularly so in view of the need for 
early diagnosis, for the earlier a therapeutic 
measure is applied the less certain can one 
be of its effect on the future course of the 
syndrome. Transient ischemic attacks can oc- 
cur for a year or more without any residual 
neurologic deficit being found. In addition, 
a single stroke may completely resolve with- 
out any treatment, and there may be no 
further difficulty for a few years. 

The clinical picture in 57 patients with 
occlusive carotid disease is presented. The 
value of the methods of diagnosis presently 
employed and the possible risks of some are 
The variability of the natural 
history of this syndrome will be described. 


discussed. 


Material and Methods 


The patients were derived from two separate, 
but related institutions. From the Stroke Study 
Files of the Cornell Medical and Neurological 
Services of Bellevue Hospital, the records of 24 
patients with this diagnosis were accumulated in 
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the period 1957-1959. In each patient the diagnosis 
was confirmed by carotid arteriography. These 
patients were all personally seen and followed by 
at least one of us throughout their course after 
entering the hospital. 


From the records of the New York Hospital, 
33 patients were obtained in the period 1949-1958. 
The diagnosis in this group was established by 
carotid arteriography in 20 patients, by surgical 
exploration in 5, and by autopsy in 8. 


Findings and Comment 
1. Incidence 


It is impossible to make any statements 
concerning the incidence of occlusive 
carotid disease in the New York Hospital 
series, since this was a highly selected group 
of patients. The 24 patients in the Bellevue 
group were found in a total of 427 admitted 
to the cerebrovascular disease study. Arteri- 
ograms, however, were obtained in only 84 
of these patients. 

2. Age at Time of Diagnosis 

The age at diagnosis ranged from 10 to 
87 years, with the maximum incidence at 
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Fig. 1—Age incidence for all forms of stroke. 
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TABLE 1.—Site of Occlusion of Carotid Artery 
in Fifty-Seven Patients 


Right 
Unilateral Complete (49) 


Common carotid... 

Internal carotid 
Head..-.- 
“Rat-tail” occlusion 


Bilateral Complete (2) 
2 
Bilateral Incomplete (1) 
1 
Unilateral Incomplete (5) 
Neck 1 


Intracranial 
“*Rat-tail” occlusion 


51-70 years. The age incidence of the pa- 
tients was similar to that of the group with 
all forms of stroke seen at Bellevue Hos- 
pital (Fig, 1). 

3. Sex 


There were 39 male and 18 female pa- 


tients in the combined study. This male 
predominance is in agreement with the 


145 


series of other authors. 

4. Side and Site of Lesion 

As seen in Table 1, there were 51 patients 
with a complete occlusion. Forty-one 
(70%) of the complete unilateral occlu- 
sions were localized in the neck. As _ will 
be discussed later, the site of the occlusions 
seems to play some role in the ultimate 
prognosis. Complete bilateral occlusion oc- 
curred in two patients. It is difficult to de- 
termine the incidence of bilateral occlusive 
disease, since only selected patients had 
bilateral angiography. 

5. Previous Strokes (defined for the pur- 
pose of this communication as a_cere- 
brovascular episode occurring longer than 
one week before the presenting signs and 
symptoms leading to the diagnosis of occlu- 
sive carotid artery disease) 

Fifteen patients (26%) gave a history of 
a previous stroke from 16 years to 2 weeks 
before the presenting cerebral incident. 
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Three patients had more than one previous 
attack (maximum, four). Two patients had 
involvement on the side opposite that of the 
demonstrated carotid occlusion. 

In 11 patients the history indicated full 
recovery; in 1 moderate hemiplegia and in 
3 some slight degree of aphasia persisted. 
Aphasia occurred in five patients, and in 
these aphasia was also a feature of the 
presenting stroke. Patients with a history 
of previous strokes did not differ from the 
series in general in the severity of the 
presenting stroke or in the prognosis for 
recovery. 

6. Transient Ischemic Attacks (defined 
as episodes with symptoms implicating im- 
pairment of the cerebral circulation lasting 
less than a day and with complete recovery ) 

Transient ischemic attacks occurred in 22 
patients (39%) and were multiple in 15 
of these. They occurred from 9 years to 10 
days before the presenting stroke. There 
was no relationship between the number of 
transient attacks and the duration of time 
over which they occurred, or the severity of 
or impairment from the presenting stroke. 
The symptoms of transient ischemic attacks 
encountered in this series were visual dis- 
turbances, aphasia, alterations in the level 
of consciousness, hemiparesis, hemisensory 
defects, and monoparesis. In two patients 
transient ischemic attacks affected the same 
side of the body as that of the demonstrated 
occlusion. Visual disturbances (transient 
blindness or blurring of vision) were 
present in 13 patients, usually on many oc- 
casions. In three the symptoms occurred 
in both eyes and suggested possible basilar 
artery insufficiency. 

In two patients a history was obtained of 
attacks of unconsciousness, lasting a few 
minutes, months before the presenting 
stroke. Aphasia occurred in three patients 
as a symptom of a transient ischemic at- 
tack, but only one of these patients had 
aphasia with the presenting stroke. Hemi- 
paresis, hemihypesthesia, and monoparesis 
were recorded in eight patients. 

The only feature of a history of transient 
ischemic attacks that is of diagnostic 
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significance is the occurrence of a repetitive 
ipsilateral visual disturbance with or with- 
out contralateral sensory or motor deficit.1® 
The appearance of contralateral symptoms 
makes the diagnosis almost certain. In the 
present series this symptomatology occurred 
in 10 patients (18%). However, we have 
seen this combination of symptoms in a 
case of glioblastoma multiforme involving 
the optic tract. 

7. Other Symptoms Preceding Diagnosis 
by Longer Than a Week 

(a) Epilepsy: In the two patients with 
epilepsy the seizures were not believed to 
be due to individual vascular accidents. In 
one patient, aged 55, focal epileptic seizures 
began eight years before the admission 
during which definitive diagnosis was made. 
In the other, generalized seizures followed 
a transient stroke 18 months before admis- 
sion. 

(b) Headache: Headache has been fre- 
quently described as a prodromal complaint, 
but in five patients headaches were present 
from five years to six weeks before the 
presenting stroke. In two patients the cause 
of the headaches may well have been an 
intracranial vascular lesion distinct from the 
carotid occlusion, which was found as an 
incidental unexpected finding. 

The other three patients, however, had 
symptoms and signs highly suggestive of 
carotid artery occlusive disease on admis- 
sion. The headache was bilateral (mainly 
frontal) in two of these patients, and in 
the third, although bilateral, it was severer 
on the side opposite the occluded artery. 
This latter patient, however, had had a 
stroke three years previously involving the 
hemisphere on the side of the uninvolved 
carotid artery. It is considered likely that 
in these three patients headache was a 
symptom of carotid artery disease. 

(c) Impaired Mentation: Impaired men- 
tation has been frequently mentioned in 
carotid artery occlusive disease particularly 
when the disease is bilateral? In two pa- 
tients impaired mentation preceded the 
presenting stroke by some months. One pa- 
tient was 87 years of age, and he lived three 


Hurwitz et al. 


CAROTID ARTERY OCCLUSIVE SYNDROME 


TABLE 2.—Prodromal Symptoms 


Impaired mentation 3 
Side of occlusion... 2 
Side opposite occlusion 1 
Site unknown... 1 
Somnolence 7 


Visual phenomenon 
Paresthesia around lips’ 


years after the stroke, while the other, aged 
70, is alive but still impaired intellectually, 
one year after her stroke. 

8. Prodrome (defined as a symptom oc- 
curring within seven days of the presenting 
stroke ) 

One or more prodromal symptoms were 
present in 14 patients (25%). These are 
shown in Table 2. 

(a) Seven patients had headache; in two 
patients this was the predominant feature, 
and the diagnosis of intracranial tumor was 
initially entertained in both cases. 

(b) Somnolence* was an_ interesting 
finding occurring in seven patients. These 
patients were not confused, as judged by 
simple tests for orientation and _ insight. 
They showed a remarkable propensity for 
sleep, though easily aroused. The one 
striking example was a taxi driver, aged 
50, who for three days before the onset of 
aphasia was so drowsy that he fell asleep at 
the wheel of his cab and, in consequence, 
had five minor accidents. The relatives and 
the patient were unaware of any confusion 
or obvious intellectual deterioration. One 
can only surmise about the mechanism by 
which impaired cerebral circulation produces 
this symptom, but it is reminiscent of hypo- 
glycemic and anoxic states. 

9. Onset of Stroke 

The mode of onset of the presenting 
stroke, as shown in Table 3, ran the gamut 
from marked acute symptoms and signs of 
disturbance in function to symptoms with 
no clinical signs at all. In some instances 
the patients experienced a slowly progres- 
sive disturbance of function (13), and in a 
small number the stroke progressed in step- 
ladder fashion (2), There was no definite re- 


* Carotid—from the greek, karos—heavy sleep. 
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TABLE 3.—Type of Onset 


No 

Sudden... 33 
Investigation of ischemic attacks or old strokes. -___- 3 
Unknown... 1 


lationship between the mode of onset and 
the severity of the presenting findings. 

10. Presumed Etiology 

One cannot be certain as to the etiologic 
basis for carotid occlusion unless a surgical 
specimen or postmortem examination is 
obtained. The presumed diagnoses clinically 
in the present series are outlined in Table 4. 
As would be expected, the majority of 
occlusions were the result of atherosclerosis. 

11. Signs at Diagnosis 

(a) Coma: At the onset of the present- 
ing stroke, 13 patients (24%) were coma- 
tose. The duration of coma varied from a 
few minutes to several days, with the indi- 
vidual case. 

(b) Mentation: Ten patients were found 
to have impaired mentation at the initial 
examination. In one patient the mental state 
was most suggestive of Korsakoff psycho- 
sis. Somnolence was noted at the initial 
examination in three patients, in addition to 
the seven in whom it was part of the pro- 
drome. 

(c) Aphasia: Seventeen patients were 
found to be aphasic, including two in whom 
it was the primary neurologic finding. All 
the patients were right-handed ; yet one pa- 
tient had a right carotid occlusion with left 
hemiplegia. The aphasia in this last patient 


Taste 4.—Presumed Etiology of Occlusion 


No. Per Cent 
Atherosclerosis _ 45 79 
7 12 
“Thromboembolism”. 2 4 
3 
57 
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was transient, and rapid recovery of motor 
function was also achieved. Five patients 
had a history of previous strokes, accom- 
panied by aphasia, and two patients had had 
previous strokes without aphasia. The se- 
verity of the accompanying hemiplegia was 
variable in degree (from mild to severe). 
The aphasia persisted throughout the initial 
period of observation in all but one patient. 

(d) Motor and Sensory Involvement: 
Motor and sensory perception dysfunctions 
were found in 50 patients (889%). In 
three only reflex changes were evident. In 
15 a mild hemiparesis was found. In 9 


TaABLe 5.—Signs at Diagnosis in Fifty-Seven Cases 


No. Per Cent 


Coma 13 23 
Impaired mentation 10 Is 
Aphasia.. 17 30 
Somnolence 4 16 


Signs of hemiplegia, hemihypalgesia, and 
hemianopsia 


(a) Reflex changes only- 3) 
(bh) Mild. = 86 
(c) Modera‘e_- of 
(d) Severe 23} 
Optic atrophy ae 1 
No signs in nervous system = 6° 


* Including five patients in whom occlusion was found in- 
cidentally at autopsy or during investigation for symptoms 
Suggesting intracranial vascular anomalies. 


patients the hemiparesis was moderately se- 
vere, and in 23 it was graded as severe. 
Sensory perception changes were generally 
less conspicuous than motor signs. In three 
patients the sensory changes were severe 
and involved all modalities of sensory per- 
ception. In all patients but one the upper 
extremity was involved to a greater degree 
than the lower, and in some patients upper 
extremity weakness was the only physical 
finding. This is not surprising, since the 
area supplied by the anterior cerebral ar- 
tery is more likely to receive collateral 
circulation. 

(e) Horner's Syndrome: Partial Hor- 
ner’s syndrome was found in 6 instances, 5 
in the last 13 cases, when we were looking 
more actively for this sign. The sign was 
transient in most of the patients and mini- 
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mal in degree. It was best demonstrated by 
observing the pupils in a darkened room 
and after 1% cocaine had been instilled in 
each eye. This procedure will produce less 
dilatation on the affected side. The ptosis 
was more readily observed with the patient 
looking downward or when awakened from 
sleep. Only one patient had anhidrosis, and 
this was not constant. We have also seen 
a partial Horner syndrome in two persons 
with a contralateral hemiplegia in whom 
arteriography was completely normal. Hor- 
ner’s syndrome occurred as the only sign 
of nervous system dysfunction in one pa- 
tient. 

Comment. In his original description of 
the syndrome, Horner attributed the sym- 
pathetic involvement seen in this condition 
to pathology in the sheath of the carotid 
artery. Recent papers in the literature have 
described the finding of Horner’s syndrome 
in carotid artery occlusion. In such 
paper,” a partial Horner syndrome was 
described in 12 of 18 patients, and in 2 
patients it was found without occlusion 
of a major cerebral artery. We believe that 
this sign is of value in alerting the physician 


one 


to the possible presence of carotid artery 
disease in a given patient. 

(f) Bruits: In 8 of the 24 patients of 
the Bellevue series, in which bruits were 
very carefully listened for, murmurs were 
heard in the neck in 7 and intracranially 
on the side opposite the occluded carotid 
in 2 (1 of whom had a cervical murmur 
on the side of the involved carotid). Two 
patients in the New York Hospital group 
were also noted to have a contralateral in- 
tracranial bruit, which was reported by 
Dunning.* Fisher ® has emphasized the im- 
portance of a contralateral intracranial bruit 
in carotid artery disease. A total of four 
patients (7%) had a bruit in this location. 

3ruits in the cervical region are less 
reliable, for they may merely be indicative 
of increased flow or an atheromatous plaque 
within the external carotid artery, without 
the presence necessarily of concomitant in- 
ternal carotid disease. We have heard loud 
systolic bruits, well localized in the cervical 
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region, in patients in whom complete occlu- 
sion of the internal carotid was demon- 
strated. 

(g) Carotid Artery Palpation: Most 
authorities agree that palpation of the ca- 
rotid vessels in the neck is unreliable.’ 
Nevertheless, this should be part of every 
examination, for absence of carotid pulsa- 
tion in the neck may be significant. Pal- 
pation of the internal carotid artery in the 
pharynx as a diagnostic test was proposed 
by Dunning.* In the present series absence 
of carotid pulsation in the pharynx was 
found in 10 of 14 patients having complete 
occlusion at the bifurcation in the neck. In 
one patient in whom the carotid pulse was 
not palpated in the pharynx, arteriography 
demonstrated good filling of the internal 
carotid artery. Careful examination and 
greater skill may result in a higher propor- 
tion of positive findings. 

(h) Retinal Artery Pressures: Ophthal- 
modynamometry !! has been found to be 
highly reliable when the occlusion of the 
carotid is in the neck. A significantly re- 
duced retinal artery pressure on the side of 
the occlusion was found in 10 of 13 patients 
of the Bellevue group (77%). We have 
recently used this test routinely in all 
patients with stroke admitted to the Bellevue 
study and have found that poor cooperation 
on the part of the patient prevented a satis- 
factory examination in 10%. Indirect oph- 
thalmoscopy may help to reduce this figure. 
False-positive results were not encountered. 
Observation of the vessels of the bulbar 
conjunctiva has been described recently 
and may be of value. Paucity of the minute 
vessels and decreased velocity of the blood 
flow in all visible vessels of the bulbar 
conjunctiva have been noted on the side 
of the occluded carotid. 

(1) Compression of the Carotid Artery: 
This was not performed routinely on these 
patients because this procedure is unpleas- 
ant and false-positive results are not infre- 
quent. 

(7) Miscellaneous: Optic atrophy, asso- 
ciated with a mild contralateral hemiparesis, 
was found in one patient. 
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Three patients developed a focal seizure 
in the first 24 hours of their acute stroke. 
In two patients the seizures became recur- 
rent. 

No signs of altered nervous system func- 
tion were found in six patients. In one 
there was bilateral severe stenosis of the 
carotid arteries, demonstrated by arteriog- 
raphy. This patient had transient ischemic 
attacks, without any abnormality being 
found in the neurologic examination. In 
five of these six patients the diagnosis of 
carotid artery occlusion was not expected 
from either the history or the examination. 
In two the occlusion was found at autopsy ; 
in two during the investigation of headache, 
and in one following investigation for sub- 
arachnoid hemorrhage. 

(k) Cerebral Spinal Fluid: In 10 patients 
the protein was greater than 50 mg. %, 
and in 2 additional patients it was more 
than 100 mg. %, the highest being 132 
mg. %. An elevated cerebral spinal fluid 
protein is unusual in carotid artery occlu- 
sion. When it does occur, it should arouse 
suspicion of a possible space-occupying le- 
sion, but it is not incompatible with the 
diagnosis of occlusion. 

(1) Electroencephalography: In 34 pa- 
tients electroencephalogram was obtained, 
and in only 4 instances was normal. The 
findings were, however, nonspecific, and in 
one patient the maximal electrical defect 
was on the side opposite the occlusion. 
McDowell, Wells, and Ehlers ™ have re- 
ported their findings in some of the patients 
included in this series and have concluded 
that a useful point in distinguishing this 
lesion from other lesions, such as neoplasm, 
has been the relatively normal patterns in 
the uninvolved hemisphere. FElectroenceph- 
alographic changes following the use of the 
tilt table have been described by Meyer 
et al. Although this modification was not 
employed on these patients, our experience 
with 23 patients with basilar artery disease 
has been disappointing. Electroencephalo- 
graphic findings with carotid compression 
suffer from the disadvantages described 
previously, 
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(m) Surgical Exposure of Carotid Ar- 
tery in Neck: This has the advantage of 
avoiding arteriography and giving a clearer 
picture of the extent of the disease in the 
neck. The diagnosis was made by this 
method in five patients. 

Comment. The goal of investigators in- 
terested in occlusive carotid disease has 
been to find reliable and simple clinical 
measures for establishing a diagnosis. It 
has been the hope of all that angiography 
might be avoided. This desire is given em- 
phasis by the occurrence of serious com- 
plications related to angiography in the 
present study.’ 

The most reliable measures in our hands 
have been ophthalmodynamometry and, to 
a less degree, palpation of the carotid artery 
in the pharynx. Using all the above-men- 
tioned symptoms, signs, and procedures, 
exclusive of surgical exposure, the diag- 
nosis of carotid artery occlusive disease can 
be made at the bedside in a large percentage 
of patients. Nevertheless, in an appreciable 
number of patients a diagnosis cannot be 
made in the absence of angiography or 
surgical exposure of the vessel. 

12. Course in Hospital and Ivimediate 
Prognosis 

(a) Deaths: Fourteen patients (25% ) 
died during hospitalization. Two deaths 
followed valvulotomy for mitral stenosis ; 
one followed internal carotid endarterec- 
tomy, and two followed major general sur- 
gery. Two patients died of an acute 
myocardial infarction which had not been 
suspected prior to death. Four had ante- 
mortem pulmonary emboli, which could well 
have been responsible for death, and three 
died as a consequence of their carotid oc- 
clusions. 

It is most interesting that one patient 
was found to have an asymptomatic old 
carotid artery occlusion and that no abnor- 
mality was observed in the brain at autopsy, 
death occurring from rheumatic heart dis- 
ease and multiple emboli. 

In the other cases in which autopsies 
were obtained, lesions, often multiple, were 
found in the appropriate hemisphere. 
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(b) Recovery: Complete recovery from 
hemiplegia occurred in all 17 patients 
(Table 5) whose motor deficit was classified 
as mild on admission. Of the 32 patients 
whose motor deficit was classified as mod- 
erate or severe, 5 made an excellent recov- 
ery (though with residual signs); in 8 a 
slight recovery was noted, and in 7 no 
recovery occurred. The remainder of the 
patients with moderate or severe hemiplegia 
died. 

In 6 of the 10 patients with impaired 
mentation on admission, the mental symp- 
toms had cleared completely at the end of 
their period in the hospital. 


Of the 17 patients with aphasia, 3 had 
a complete return of speech at the time of 
discharge from the hospital. Five of these 
seventeen patients died during hospitaliza- 
tion, and the remainder were unchanged 
(including two patients in whom aphasia 
was the only neurologic deficit at the time 
of discharge). 

Aphasia is the neurologic sign that seems 
least likely to clear during the acute stroke. 
The degree of recovery from aphasia could 
not be correlated with recovery from other 
neurologic deficits. 

13. Factors Involved in the Immediate 
Prognosis 
(a) Coma: Of the 13 patients seen 
initially in coma, 6 with persistent coma 
died during their initial period of hospital- 
ization. The other patients were 
comatose for one hour or less. Three of 
these hemiplegia ; 
three had a moderately severe hemiparesis, 
and one had a mild hemiparesis. 


seven 


experienced a_ severe 
Five of 
the survivors subsequently improved ap- 
preciably, and the condition of two re- 
mained static. If one excludes those 
patients who died postoperatively and the 
patient who died of myocardial infarction, 
it can be seen that marked depression of 
consciousness of short duration need not 
be associated with an ultimately poor prog- 
nosis, though in all but one patient the 
accompanying disturbance of function was 
severe. 
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(b) Site of Occlusion: There was no 
definite correlation between the ultimate 
recovery and the side of the lesion except 
as it affected speech. 

Occlusion in the neck can produce any 
degree of involvement, from none to very 
severe. Occlusion of the intracranial por- 
tion of the carotid artery produced severe 
physical defects in the five patients in whom 
it occurred, and these showed, at most, only 
slight improvement. Progressive narrowing 
along the course of the internal carotid 
artery (“rat-tail’” defect) produced mild to 
severe neurologic dysfunction. 

(c) Bilateral Occlusion: Of the two pa- 
tients with complete occlusion, one died 
during the acute phase, and the second 
patient made an excellent recovery from her 
stroke. The patient with a complete and 
a partial occlusion has recovered completely 
from his hemiplegia, and the patient with 
bilateral incomplete occlusion has had no 
functional deficit to date. 

(d) Heart Disease: Twenty patients of 
the entire group (35%) had some type of 
heart disease (Table 6). 

All four patients with rheumatic heart 
disease died, three postoperatively. Two 
patients with accompanying acute myocar- 
dial infarction died in the hospital. Of the 
four patients with old myocardial infare- 
tion, three had mild hemiparesis, and one 
had a moderate hemiparesis. Of the 10 
patients with abnormal electrocardiograms, 
6 had severe strokes, 1 a moderate stroke, 
3 mild strokes, and 1 no signs of neurologic 
dysfunction. Two of these patients had 


auricular fibrillation; both survived—one 
TaBLe 6.—Heart Disease 
No. of 
Type Patients 
Rheumatic heart disease - 4 
Coronary artery disease _- 16 
Occlusion. 6 
Recent.......- 2 
4 
Ischemic 10 
Total... 20 
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with a severe hemiplegia and the other with 
no neurologic deficit. 

(e) Hypertension: Twenty-three patients 
had hypertension (blood pressure greater 
than 140/90). Hypertension per se did not 
seem to correlate either with the severity 
of the stroke or the immediate prognosis. 

(f) Miscellaneous: Diabetes occurred in 
five patients in this series and syphilis in 
one. In none of these was there any evi- 
dence of a direct effect on the course of the 
carotid disease. 

It is clear that only prolonged coma and 
severe cardiac disease are associated with 
a poor prognosis during the acute attack. 

14. Therapeutic Measures Employed 

Forty patients received no specific treat- 
ment. Eleven patients received anticoagu- 
lant drugs for longer than four months, 
and six patients had cervical ganglionec- 
tomy performed. No inferences can be 
drawn about the effect of anticoagulants and 
cervical ganglionectomy from so small a 
group of patients. It is of great interest, 
though, that transient ischemic attacks 
stopped in each group (Table 7). In five 
patients who did not receive specific ther- 
apy, transient ischemic attacks did not occur 
after hospitalization or in the follow-up 
period. However, in two of the five patients 
the presenting stroke was massive and 
complete. The follow-up period for the 
other three was between eight months and 
one and one-half years. 

The three patients treated with cervical 
ganglionectomy who stopped having tran- 
sient ischemic attacks were reported previ- 
ously.'7 The follow-up of these patients 


TABLE 7.—Therapeutic Measures 


Cervical Anti- 
No CGanglion- coagulant 
Treatment ectomy Therapy 
No. of cases 40 6 11 


Patients with tran- 

sient ischemic 

attacks before 

diagnosis 12 6 4 
Ischemic attacks 

stopped after 

diagnosis 5 3 3 
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has now been extended to two, six, and six 
years, respectively. Transient ischemic at- 
tacks have not recurred over this additional 
follow-up period. 

15. Follow-Up Observation 

Of the 43 survivors of the acute attack, 
5 subsequently died (4 of heart disease). 
Two patients had a recurrent stroke (one 
with good recovery), and one patient had a 
myocardial infarct, with recovery. A fol- 
low-up study was not possible in five pa- 
tients. Of the 30 patients, 3 continue to 
have rare epileptic seizures. Thirteen of 
the total group of patients (23%) are now 
either back at work or able to look after 
themselves adequately. 

Five of the surviving patients (including 
one with seizures) have some degree of 
intellectual impairment. The remaining 10 
patients have moderate to severe hemi- 
plegia, and 6 have aphasia in addition. Most 
of these patients are in institutions. 

After the presenting stroke, 9 patients 
survived five years; 20, two years, and 27, 
one year. 


Comment 


The striking variability of the clinical 
picture and prognosis in individual patients 
with carotid artery occlusive disease is illus- 
trated in Figures 2 and 3. The deleterious 
effects on the individual patient may vary 
from minimal to catastrophic ; the length of 
a history indicating cerebral vascular dis- 
ease may be many years and still be asso- 
ciated with a gainful life. Therefore, any 
measure advocated in therapy must be a 
carefully controlled one. The prognosis is 
serious, and it is in the stroke with acute 
catastrophic onset that a large percentage 
of the deaths or severe residual disabilities 
occurred. In such instances the effects of 
anticoagulant therapy or surgery on the 
affected carotid artery are not at present 
encouraging. A large number of patients 
must be followed as part of a randomized 
series by the same group of physicians or 
surgeons over a lengthy period of time. 
The excellent work of Millikan et al.,’8 
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Figure 2 


unfortunately, is not based on a controlled 
randomized series. 

In the present series, the general prog- 
nosis after the presenting stroke is similar 
to that described in cerebral thrombosis as 
a whole,!®:*° and to another series of carotid 
artery occlusive disease.*! 

More emphasis should be placed on the 
preceding “minor” cerebral vascular epi- 
sodes, which are, with the increasing enthu- 
siasm for treatment by both physicians and 
surgeons, more likely to become the event 
leading to diagnosis. Of the 57 patients, 
there are 19 whose first indication of cere- 
brovascular disease was noted at least five 
years before the writing of this paper. This 
gives an opportunity for estimating the 
natural history of the disease over a five- 
year period or more from the very first 
symptom. 
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Three died within a year; one three 
years, and three five years, after the first 
symptom. Three of these deaths were not 
primarily due to carotid artery disease but 
were related in time to operative procedures 
elsewhere in the body; one followed carotid 
thromboendarterectomy; two followed myo- 
cardial infarction, and in only one patient 
(age 77) was the death directly attributed 
to the carotid artery occlusion. The other 
12 patients are alive from 5 to 18 years 
after their first symptom. 

It becomes evident that in the “natural” 
state (irrespective of age) survival without 
symptoms or disability is to be expected for 
at least a year in most patients with such 
small “strokes.” 

Finally, three patients in whom carotid 
artery occlusion was found unexpectedly 
may be briefly mentioned. Although we can 
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inake no comment on their course up to the Summary 


time of diagnosis, these patients have been 
followed nine, six, and two years, respec- 
tively. None of them has developed signs 
of hemiplegia and they are fully functional. 
They were 59, 33, and 55 years of age at 
the time of diagnosis. These patients seem 
to answer in part the question posed by 
Symonds * concerning the length of time 
a spontaneous occlusion may be present 
without symptorhs. 
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lifty-seven patients with demonstrated 
occlusive disease of the internal carotid ar- 
tery are described. 

A history of a previous stroke was ob- 
tained in 15 patients (26%). Transient 
ischemic attacks occurred in 22 patients 
(39%) prior to demonstration of the occlu- 
sion. Episodic ipsilateral visual disturbance 
alone or with associated contralateral hemi- 
plegia was described by 10 patients (18% ). 
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Somnolence during the prodromal period 
occurred in seven patients. The compara- 
tive measurements of retinal artery pressure 
and palpation of the carotid artery in the 
pharynx were the most reliable bedside 
diagnostic procedures. Diagnosis without 
arteriography is considered possible in a 
majority of instances. 

In five patients the transient ischemic 
attacks ceased spontaneously. Of 19 pa- 
tients with demonstrable internal carotid 
artery occlusion, 12 are alive from 5 to 18 
years after the first symptom of cerebral 
ischemia. The majority of these patients 
had not received any specific treatment. The 
great variability of the symptoms of inter- 
mittent insufficiency and in the life span 
of these patients emphasizes the need for 
well-controlled studies of proposed thera- 
peutic measures. 
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Alterations of the Alpha Rhythm Occurring After 
Temporal Lobe Resections in Man 


MOTOJI MIYAZAKI, M.D., and FERNANDO TORRES, M.D., Minneapolis 


Introduction 


During routine interpretation of electro- 
encephalographic tracings, we observed that 
postoperative records of patients who had 
been subjected to temporal lobectomy for 
control of convulsive seizures consistently 
showed alterations of the alpha rhythm. 
Moreover, these alterations did not seem to 
be directly caused by the surgical procedure 
per se. They involved areas of the brain 
which were fairly distant from the region 
of operation. On occasions they extended 
to the opposite hemisphere, in some cases 
being limited to it. The persistence of the 
alterations for several months, and some- 
times even years, argued against their being 
produced by pathological changes due to 
surgical trauma. 

Searching for possible correlations be- 
tween changes in alpha rhythm and other 
clinical and electrical data, we reviewed 
previous EEG tracings and clinical charts 
on patients who underwent temporal lobec- 
tomies at the University of Minnesota Hos- 
pitals during the period from 1954 to 1958. 
The results of this survey and their relation 
to other pertinent observations that have 
appeared in the literature are the subject 
of the present report. 


Material and Method 


The clinical records of all the patients who 
underwent temporal lobectomy between 1954 and 
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1958 were reviewed. Many cases had to be dis- 
carded offhand, owing to lack of specific descrip- 
tion of the extent and behavior of alpha rhythm 
in their preoperative EEG reports, when the 
original records were not available for examina- 
tion. An additional number of cases were discarded 
because their preoperative tracings showed no 
alpha activity. 

Finally, 27 cases were selected. The patients had 
been subjected to temporal lobectomies, and their 
preoperative EEG’s had repeatedly shown the 
presence of symmetrical alpha rhythm. Collected 
data on these patients included pre- and _post- 
operative EEG’s, reports of electrocorticography, 
clinical charts for information about type of sei- 
zures, patients’ handedness, and postoperative visual 
field examinations. Pathology reports, with 
macro- and microscopic description of the opera- 
tive specimens, were also reviewed. Some patients 
who did not have satisfactory postoperative EEG 
follow-up were recalled and new records were 
taken. Unfortunately, not all of these patients 
were available, and therefore our data for some 
of them are not complete. 


Both bipolar and “monopolar” techniques were 
used for the electroencephalograms in all cases 
The majority of tracings were recorded with 20 
electrodes arranged according to the “10-20” sys- 
tem. The older tracings were recorded with 14 
electrodes placed symmetrically in frontal, cen- 
tral, parietal, occipital, and anterior and posterior 
temporal areas, and in the ear lobes. 

Results of pre- and postoperative audiologic and 
psychological examinations will be reported else- 
where, together with the rest of the clinical infor- 
mation and detailed histological descriptions. 


Our group included 21 males and 6 females. 
The youngest patient was 10 years of age and 
the oldest 53. Ten patients were in the second 
decade of life; six, in the third; five, in the 
fourth; four, in the fifth, and two, in the sixth. 
All the patients had had temporal lobe epilepsy 
prior to surgery. 

In order to secure a control group of patients, 
we looked through the cases which had extra- 
temporal cortical resections or temporal gyrecto- 
mies for control of epilepsy. After discarding the 
cases with space-occupying lesions or vascular 
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malformations, and also those which had _ insuf- 
ficient data and in which no further information 
could be ohktained at the time of the investigation, 
we ended with only four cases which were con- 
sidered suitable as controls. This group included 
three women and one man. Their ages were 18, 
25, 23, and 27, respectively. One had a superior 
temporal gyrectomy; one had a posterior parietal 
and superior temporal cortical resection; one had 
a right postcentral gyrectomy, and one had a bi- 
lateral parasagittal frontal gyrectomy. 


The temporal lobectomy patients presented vari- 
able distribution of alpha rhythm in their pre- 
operative records. In 14 patients this rhythm 
extended over parietal, posterior temporal, and 
occipital areas; in 8 it included, in addition, the 
frontal and anterior temporal leads. In two pa- 
tients the central leads, in addition to the parietal, 
posterior temporal, and occipital areas, showed 
alpha activity, and in two patients the alpha rhythm 
was limited to the parietal and occipital areas. In 
one patient the description of the record only gave 
a basic frequency in the alpha range but did not 
give the distribution of it. The original tracings 
were not available. 

Two of the control patients presented parietal, 
posterior temporal, and occipital alpha distribution. 
In one this rhythm extended in addition to the 
central areas, and in one more it was limited to 
posterior temporal and occipital leads. 

All the records had abnormal background ac- 
tivity, which varied in degree. All the patients 
in the temporal lobe group had also focal abnor- 
malities in one or both temporal lobes. 

None of our patients had tumors or vascular 
The pathological study of the 
specimens removed disclosed either normal cere- 


malformations. 


bral tissue or some degenerative or atrophic 
changes. 
Results 
The patients were classified in three 


groups according to the degree of alteration 


Fig. 1—Comparison of pre- and postoperative tracings of Patient I 7 (Group 1). 


of alpha rhythm after the operation, and 
a fourth group comprised controls. 

Group I.—Seven patients had insignifi- 
cant amounts of or no alpha rhythm at all in 
one or both hemispheres at the time of 
their last postoperative EEG (Fig. 1). The 
follow-up period after the operation varied 
from one month to three years. These pa- 
tients were all right-handed. Five had a 
right temporal lobectomy, and two had a left 
temporal lobectomy. Extent of lobectomy 
was 9 cm. from temporal tip to posterior 
margin of excision in three cases, 7 cm. in 
three cases, and 5 cm. in one case. Three 
patients had a homonymous hemianopsia 
after the operation; one could not be tested 
for visual defect, and the other three had 
homonymous quadrantic defects (Table 1). 

Group II.—Five patients presented no 
asymmetries or other significant changes of 
their alpha rhythm in postoperative records 
(Fig. 2). Their follow-up periods ranged 
from 9 to 16 months. Three of these patients 
were right-handed. Handedness was not 
known in the other two. Three patients 
presented a homonymous quadrantic defect. 
No visual examination could be obtained in 
the other two patients. There were three 
right-sided and left-sided temporal 
lobectomies in this group. The area resected 
was 5 cm. long in one patient, 5.5 cm in its 
upper border and 6 cm. in its lower border 


two 


in another, and 6.5, 7, and 11 cm. long in 
the other three patients (Table 2). 


Group IIl.—Fifteen patients showed 
either only transitory alterations of their 
Note 


complete absence of alpha rhythm on EEG taken more than three years after right temporal 
lobectomy. Date of operation: March 10, 1955. Calibration: 50uv.; 1 second. 
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La. Bed 


10-29-87 28-38 
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Fig. 2.—Pre- and postoperative records of Patient I] 3 (Group II). No significant alteration 
of alpha rhythm after left temporal lobectomy. Date of operation: Oct. 14, 1957. Calibration : 


50uv.; 1 second. 


alpha rhythm or a more durable asymmetry, 
but no absence of this rhythm on either side 
(Fig. 3). The follow-up period was only 
16 days in one case. It varied from 3 to 
30 months in 13 cases, and it went up to 
4 years 10 months in 1 case. Twelve pa- 
tients in this group were right-handed ; one 
was left-handed, and in two more it was 
not possible to obtain information about 
handedness. Nine of these patients had a 
left temporal lobectomy, and six had a right- 
sided resection. Extension of the area re- 
sected varied in the largest dimension from 
5 to 8 cm. In one patient the resection 
extended over 7 cm. in its superior border 
and 10.5 in the inferior border. Ten pa- 
tients in this group had a homonymous 
quadrantic defect. Four were not tested for 


visual defects, and only one had a homony- 
mous hemianopsia. This was, however, of 
the incongruous type. It was present in a 


patient who had only 5 cm. of his 
temporal lobe resected (Table 3). 

Group IV.—AIl four controls with extra- 
temporal or temporal gyral resections had 
alterations in the alpha rhythm after op- 
eration, but in none was this rhythm absent 
on either side. Their follow-up periods 
ranged from 11 to 27 months (Table 4). 

Seven patients of the temporal lobectomy 
group showed typical Arceau rhythm? after 
operation. This rhythm appeared only on 
the side of the temporal resection in six 
patients and bilaterally in one. Arceau 
rhythm was not present in any of the con- 
trols (Group IV). 

Bilateral temporal spikes were present in 
preoperative tracings in only two cases. 


left 
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These two patients belong to Group III and 
showed asymmetric alpha activity after op- 
eration. In addition to these two cases, there 
were five postoperative records presenting 
spikes recorded from the temporal area op- 
posite the side of the operation. This ab- 
normality was seen only after surgery in 
these patients. Of these five patients, one 
had practically no alpha activity (1 4, Table 
1), one showed no changes in alpha rhythm 
(II 1, Table 2), and three showed asym- 
metries in alpha rhythm (IIT 6, IIT 14, If 
12, Table 3) and belong to Group III. 

Spikes persisted or appeared postopera- 
tively in the temporal area on the side of 
the operation in 12 patients. Five of these 
showed absence of alpha rhythm on one 
or both hemispheres and are included, there- 
fore, in Group I. One showed no alteration 
in alpha activity after operation (Group IT), 
and six showed only asymmetry; alpha 
rhythm was, however, present bilaterally 
(Group IIT). 

As mentioned before, detailed evaluation 
of clinical status and other special tests will 
be the subject of separate communications. 
It may be of interest, however, to mention 
briefly the follow-up of seizure frequency 
postoperatively in our three groups of pa- 
tients. 

Of the whole group, only three patients 
did not show any significant improvement 
in seizure frequency. One of these pre- 
sented, in addition, a psychotic episode. 
These three patients were in Subgroups IT 
and III of our group. Seven patients showed 
significant improvement in seizure frequency 
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TaBLe 2—Cases with No Alterations of Alpha Rhythm 
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Extension of 


Area 


Resected, 


Preoperative Alpha 


Postop. Visual Field Postop. Alpha 


Cm 


Handedness Type of Temporal Resection 


Distrib. 


Freq. 


Name 


10/sec.; 


14 mo. postop.: 


5-6 Left homonymous superior 


5. 


Right lobectomy 


Parietal, occip., posterior temp. 


10-12/sec. 


Ill 


symmetrical 
13 mo. postop.: 


quadranopsia 


Left homonymous superior 


All areas Right Right lobectomy 7 


8-10/sec. 


112 


8-12/sec.; 


quadranopsia 


symmetrical 
14 days 1 yr. postop.: 


Right homonymous supe- 


6.5 


All areas Right Left lobectomy 


8-9/sec. 


8-9/sec.; 


rior quadranopsia 


symmetrical 
16 mo. postop.: 


11 


Left lobectomy 


Right 


Parietal, occip., posterior temp. 


10/sec. 


9-10/sec.; 


symmetrical 
9 mo. postop.: 


Right lobectomy 


9/sec. 


115 


9-10 /sec.; 


symmetrical 
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but still had occasional episodes in spite of 
anticonvulsant medication. One of these be- 
longs to Subgroup I because his EEG 
showed marked alterations of the alpha 
rhythm. The others belong to Subgroups 
II and III. Four of these patients in Sub- 
groups II and III had to be committed 
to mental institutions for severe behavior 
disorders. 

The rest of our patients presented no 
seizures, or only occasional minor spells 
after operation. Our Subgroup I, with the 
severest alterations in alpha activity, is thus 
formed by patients who had the best re- 
sults, except for one, mentioned above, who 
still has seizures but shows improvement 
from the preoperative condition. 


Comment 


Alterations of the alpha rhythm in the 
presence of cortical lesions have been ob- 
served by several authors. Case? reported 
substantial difference between the occipital 
alpha waves on the two sides in cases with 
lesions involving the optic radiations. His 
series included space-occupying lesions in 
parietal, occipital, and temporal lobes, and 
also an intraventricular meningioma. All 
these patients presented more or less ex- 
tensive visual field defects, and all had 
alterations of the alpha rhythm on the side 
of the lesion. Irom this, the author con- 
cluded that the geniculocalcarine pathway 
was at least part of the anatomical struc- 
ture responsible for the production of alpha 
rhythm. 

Williams and Reynell ** analyzed a series 
of cases with penetrating gunshot wounds 
and compared them with normals and with 
close head injuries. They concluded that the 
most important factor for abnormal sup- 
pression of alpha rhythm was not the ex- 
tent of the lesion but its location. Lesions 
in the parieto-occipital cortex produced ex- 
tensive suppression of alpha activity in the 
affected hemisphere, whereas frontal, tem- 
poral, or occipital lesions produced either 
no change in this activity or only local 
suppression of it. Although in some of 
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Fig. 3.—Pre- and postoperative records of Patient III 2 (Group III). Only mild transitory 
asymmetry of alpha activity after left temporal lobectomy. Date of operation: Aug. 21, 1957. 


Calibration: 50uv.; 1 second. 


their cases there was a coincidence of ab- 
sence of alpha rhythm and invo'vement of 
the visual pathways, they attributed this to 
anatomical proximity and denied a direct 
influence of the geniculocalcarine fibers on 
the alpha rhythm. They supported their 
belief with cases that had relatively small 
lesions in occipital or temporal areas which 
gave marked impairment of visual field but 
only local changes in alpha activity. 

Suppression of alpha activity may follow 
disturbances of parieto-occipital cortex ac- 
cording to Courville,? who agrees in this 
point with Williams and Reynell.** In ad- 
dition, midline cerebellar tumors and _ bi- 
lateral occipital lesions may also produce 
suppression of this activity (Courville®). 
In contrast with investigators who think of 
the parieto-occipital cortex as the pacemaker 
for normal activity of the EEG, as do 
Williams and Reynell and Courville,? and 
with Case,? who thinks that the optic radia- 
tions are essential for the production of 
normal alpha rhythm, Masland and Aus- 
tin * believe that the temporal lobe is cap- 
able of generating alpha rhythm. They 
found overactivity of one temporal lobe 
both in abnormal activity and in alpha 
rhythm after occipital lobectomy of the same 
side. 

Some new developments concerning the 
alpha rhythm have their origin in experi- 
ments of Morison and Dempsey '® and 
Dempsey and These 


Morison.* authors 


described for the first time a system in the 
intralaminar nuclei of the thalamus which, 
when stimulated at appropriate frequencies, 
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produces a typical “recruiting response” in 
the cortex. Rose and Woolsey ' proposed 
the reticular thalamic nuclei as a distributing 
system for the diffuse projection of the 
intralaminar nuclei. Jasper,? a few years 
later, demonstrated rhythmic waves recorded 
from the cortex in response to single stimuli 
applied to the thalamic reticular system. He 
emphasized that in form and frequency the 
induced “bursts,” made up of 8- to 12-per- 
second waves, are almost undistinguishable 
from those which occur spontaneously, and 
that these rhythmic waves are, therefore, 
most likely analogous to the alpha rhythm 
of the human EEG. All these findings, sup- 
plementing each other, point toward a cen- 
trally located pacemaker for the alpha 
rhythm. 

There is, on the other hand, evidence 
in favor of spontaneous rhythmic activity 
produced by neuronally isolated cerebral 
Furthermore, with simultane- 
ous cortical and subcortical recordings, 
rhythmic activity can be detected from both 
the cortex and the thalamus. The rhythm 
in the two areas is, however, not synchro- 
nous, although the frequency is maintained 
in the same range.*! In recent years strong 
evidence has been found pointing to cortical 
dendritic potentials as important constit- 
uents of alpha 

In spite of the evidence in favor of the 
existence of “spontaneous” activity of the 
cerebral cortex, there is no doubt that mid- 
line, deeply located structures are able to 
exert control upon the cortical rhythms; 
the brain-stem reticular system produces 
dysynchronization, and the thalamic diffuse 
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projection system produces rhythmic spin- 
dles in the cortex. 

Corticifugal projections to the reticular 
system have been demonstrated from many 
cortical areas,*! and it is, therefore, not 
unlikely that the cortex has also an impor- 
tant influence over the diffuse projection 
system of the thalamus and brain stem. 
Moreover, limited regions of the cortex have 
also influence upon the electrical activity 
of large cortical areas. This influence is 
probably exerted via corticothalamocortical 
pathways.'? Morison, Dempsey, and Mori- 
son '® found that temporal lobe lesions in 


the cat abolished not only the “secondary 
response” to peripheral sensory stimulation 
but also the spontaneous activity of part of 
the affected hemisphere. 

Our cases indicate that the alpha rhythm 
may suffer alterations not only from tem- 
poral resections but also from extirpation 
of other cortical areas. All our controls 
presented more or less long-lasting post- 
operative changes in their alpha rhythm. 

Analysis of the cases with temporal 
lobectomy reveals a few outstanding facts. 
All the patients whose visual fields were 
tested showed a homonymous defect. The 
extension of this field defect was, in general, 
larger in patients included in Group I 
(Table 1). In fact, the only cases with 
hemianopsia were found in this group. The 
only exception to this statement is I. G. in 
Group III (Table 3), who also presented a 
hemianopsia. The defect in this patient was, 
however, incongruous, and it is therefore 
reasonable to assume that factors other than 
the temporal resection may have been the 
cause of it. There may be a lesion in the 
optic tract. Incongruous homonymous field 
defects are typically produced by lesions in 
this part of the optic pathway. 

The second outstanding fact is a signifi- 
cant difference between the extension of 
area resected in Group I and that resected 
in Group III. No significant difference was 
found between Groups I and II. The latter 
group is very small, however, and the differ- 


66/510 


A, M. A. ARCHIVES OF NEUROLOGY 


TABLE 5.—Postoperative Temporal Spikes on the 
Side of Lobectomy 


Cases Cases 
With Without 
Spikes Spikes Total 
t........ 5 2 7 
6 11 15 
, 11 13 22 
x?=1.3 


ence would have to be rather large in order 
to be statistically significant. 


We use the t-test T= af means 
to evaluate the significance of differences. 
The result for ‘Group I, Group II, is 0.4, 
which is not significant in the presence of 
10 degrees of freedom (P=0.1); ‘Group I, 
Group III was 2.2, which is significant 
for 20 degrees of freedom (P=0.05). 

The third fact that is of possible interest 
in our series is the distribution of cases, 
which presented a spike either residual or 
new in the temporal area on the side op- 
erated upon (Table 5). No statistically 
significant difference was found when we 
calculated y? for Group I (spikes in 5 cases 
out of 7, or 71%) and Group III (spikes 
in 6 cases out of 15, or 40%). The higher 
percentage of spikes in Group I is, however, 
suggestive. The opposite is found for the 
incidence of spikes on the side contralateral 
to the temporal lobectomy for this group 
( Table 6). 

In view of the relationship of alpha 
rhythm to consciousness, and probably also 
to mental processes, and in the presence 
of psychological and memory disturbances 
reported in cases of temporal lobec- 
tomy,'!!*.22 it is tempting to associate the 


TABLE 6.—Postoperative Temporal Spikes on the 
Side Opposite the Lobectomy 


Cases Cases 
With Without 
Spikes Spikes Total 
1 6 7 
Gooup 5 10 15 
6 16 22 
x?=0.1 
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temporal lobe with alpha mechanisms. In 
the presence of our results, however, we 
find no good evidence for assigning a spe- 
cific direct relationship between temporal 
lobe and production of alpha activity. We 
found alterations of alpha rhythm in patients 
who had cortical resections in frontal and 
parietal areas, and other authors have re- 
ported the same findings. Although experi- 
mental results mentioned above’? may 
indicate a great influence of temporal cortex 
on alpha activity, we do not believe that this 
is the only cortical area which influences 
this activity. 

We agree with Williams and Reynell * 
when they say that involvement of geniculo- 
calearine pathways is not essential for 
abolition of alpha activity. Our evidence to 
support this belief is not as strong as that 
presented by the above-mentioned authors. 
However, of our patients who presented no 
postoperative changes in alpha activity, the 
only three who had visual field tests had a 
field defect (Table 2). We feel that in our 
series the presence of homonymous hemi- 
anopsia merely reflected a more extensive 
involvement of temporal tissue. This is sub- 
stantiated by the significant difference in 
amount of removed tissue between Groups 
I and ITT. 

It is probable that when large enough 
portions of cortical tissue are resected from 
practically any area in the brain, permanent 
alterations of the alpha rhythm may appear. 
As has been suggested on other occasions,** 
it is aiso possible that the presence of a 
spike discharge might increase the area of 
dysfunction of the temporal lobe. We find, 
therefore, of possible interest the higher 
incidence of postoperative spikes in the 
temporal area on the side of operation in 
the group of. patients who had the severest 
alterations of alpha activity. The dysfunc- 
tion may be increased by the presence of 
this abnormal giving results 
equivalent to a more extensive resection. 


discharge, 


Corticothalamocortical connections involv- 
ing the diffuse projection system are prob- 
ably the mediators of abnormal suppression 
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of alpha rhythm produced by cortical re- 
sections. 

The higher number of good clinical re- 
sults in our Subgroup I, although not 
important enough to be statistically signifi- 
cant, is somewhat intriguing. It would sug- 
gest that good clinical results have a direct 
relationship with degree of alteration of 
alpha rhythm after surgery. Any discussion 
of this possibility at this point, however, 
would be based on pure speculation and 
should be postponed until enough data are 
collected for it to be statistically important. 

Finally, it should be emphasized that our 
results were obtained in patients with con- 
vulsive disorders and diffuse alterations in 
their electroencephalogram. Caution should, 
therefore, be used when these findings are 
applied to interpretation of normal physi- 
ological phenomena. 


Summary 

Pre- and postoperative EEG’s of 27 pa- 
tients who underwent temporal lobectomy 
for control of convulsions were studied. 
All these patients showed clear and sym- 
metrical alpha rhythm before surgery. Ex- 
tension of surgical resection, as well as 
amount of postoperative visual field involve- 
ment, was noted. Residual or new abnormal- 
ities appearing after the operation were also 
evaluated. 

Four cases subjected to limited temporal 
gyrectomies or to cortical resections not 
involving the temporal lobe were studied 
in a similar way and served as controls. 

Of the 27 patients with temporal lobec- 
tomy, 7 showed absence of alpha rhythm 
in one or both hemispheres after surgery. 
The follow-up period ranged from one 
month to three years. Fifteen patients of 
the same group showed either transitory 
alteration of the alpha rhythm or a more 
persistent asymmetry but no absence of this 
rhythm. The rest (five patients) presented 
no alterations in their alpha rhythm after 
operation. 

All four control cases showed postopera- 
tive alterations of their alpha rhythm, but 
none showed absence of it on either side. 
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Significant correlation was found between 
extension of area resected, degree of visual 
field defect, and severity of alteration of 
the alpha rhythm after operation. Possible 
correlation was also found between the lat- 
ter factor and presence of postoperative 
spikes on the side of the operation. 

Other factors encountered, as well as pos- 
sible mechanisms for changes of alpha 
rhythm after resections of brain tissue, are 
discussed. It is concluded that resection of 
almost any cortical area may cause abnormal 


and extensive suppression of alpha rhythm, 


and that the amount of cerebral tissue re 
sected is more important than the site of 
the resection for suppression of normal elec- 
trical activity. 

Miss Virginia Andrus, Mrs. Nora Kaspar, Mrs 
Alleen Wicktor, and Miss Sara Kugler gave their 


technical assistance. 


Division of Neurology, University of Minnesota 
(Dr. Torres). 
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Antihistamines in Treatment of Gingival Hyperplasia 
Caused by Diphenylhydantoin 


HERBERT L. MARTIN, M.D.; ANTONIO AGUILAR, M.D.; HUNTINGTON MAVOR, M.D.; 
WALTER W. BURNETT, D.M.D., and FRANCIS McNAUGHTON, M.D., Burlington, Vt. 


Since its introduction by Merritt and 
Putnam in 1938,' diphenylhydantoin ( Dilan- 
tin) sodium has become one of the most 
Although it 
is relatively nontoxic, gingival hyperplasia 
occurs in up to 50% of patients.2* In most 


widely used anticonvulsants. 


instances, proper oral hygiene effectively 
In a small 


number, possibly 2% or 3%, the hyperplasia 


controls the gingival reaction. 


may become sufficiently prominent to require 
some modification of dosage or gingivec- 
tomy. Not infrequently, it is impossible to 
find another drug or combination of drugs 
which has as good an anticonvulsant effect. 
Since no effective means of preventing or 
treating the severe reactions has appeared, 
they may remain therapeutic problems. 

Our interest in this phenomenon was 
stimulated by a clinical report (Gaillard *) 
suggesting that gingival hyperplasia can be 
modified by the antihistamine chlorprophen- 
pyridamine maleate (Teldrin) Spansules). 
After initiating a clinical study, we were 
further encouraged by the work recently 
reported by Francis,® in which histamine 
mechanisms are implicated. 

Two groups of patients were studied. The 
first included 13 
graded as having mild (Grade 1), moderate 


patients. These were 


(Grade 2), or severe (Grade 3) hyperplasia. 
In Grade 1 were placed those patients who 


had pegs of hyperplastic tissue between 
their teeth. In Grade 2 were placed patients 
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with crescentic ridging and definite impinge- 
ment upon the clinical crowns of the teeth 
but with less than half of any one tooth 
covered. Grade 3 patients had severe over- 
growth covering most of their teeth and 
large, irregular masses of tissue growing 
away from them. There was a varying 
degree of hyperemia and bleeding, which 
was more prominent in the severely involved 
gums. 

These patients were then given an antihis- 
tamine and examined at monthly intervals. 
Our earliest cases were given diphenhydra- 
mine (Benadryl) HCl since chlorprophen- 
pyridamine was not available. The dosage 
of the former was 10 to 50 mg. three times 
each day. Later, Teldrin sustained-release 
capsules, containing 8 to 12 mg. of chlor- 
prophenpyridamine, was given twice each 
day to another group of patients. 

In the diphenhydramine group there were 
five patients. In four the hyperplasia was 
classified as Grade 2 and in one as Grade 3. 
All but one of these patients reported slight 
improvement in that there was slightly less 
bleeding and minimal recession of gingival 
tissue. On examination, no definite change 
was seen in two patients, but in the others 
the gums seemed to have receded slightly. 

In the chlorprophenpyridamine-treated 
group, there were eight patients. Two were 
in Grade 1, five in Grade 2, and one in 
Grade 3. Very little subjective or objective 
change was noted in the Grade 1 patients, 
though the gums did appear slightly paler. 
Of the patients with moderately severe hy- 
perplasia, two had previously been given 
diphenhydramine. Both reported more defi- 
nite improvement on chlorprophenpyrida- 
mine However, there 


therapy. was no 
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further change in the appearance of the 
gums. Finally, the remaining four patients, 
with moderately or severely involved gums, 
reported complete relief of soreness of gums 
in three cases and a marked decrease in 
bleeding and distinct recession of gingival 
tissue in all. On examination, the gingivae 
appeared paler, firmer, and less friable. 
There did seem to be some recession of 
tissue, though not sufficient to change the 
grade in which the patients were placed. 

We were impressed by the fact that those 
patients who complained of sore gums or 
excessive bleeding had improved signifi- 
cantly. The gums which were friable and 
erythematous became firmer and paler in 
color, The hyperplasia itself did not seem 
to change except in the severer cases, in 
which there did seem to be some measurable 
recession of gingival tissue. On the other 
hand, we had by this time observed the 
extension of hyperplasia in two patients who 
were given diphenylhydantoin while taking 
an antihistamine. 

Because of the difficulty of making an 
objective evaluation, a second group, of 11 
patients with varying grades of hyperplasia, 
was located at the Vermont State Hospital. 
These patients were all adults who had been 
taking diphenylhydantoin for many years. 
A double-blind experiment was set up in 
which six patients were given 24 mg. 
of sustained-release chlorprophenhydramine 
divided into two or three doses daily for 
two months. Five patients were given an 
identical-appearing placebo. All patients 
were examined immediately before institu- 
tion of therapy and on the last day of 
therapy. These examinations included color 
and black-and-white photography and gum 
biopsy. Most patients were unable to report 
subjective changes reliably. 

Of the six  chlorprophenpyridamine- 
treated patients, one was in Grade 3, and it 
was felt that his gums were somewhat paler 
and firmer. However, this could not be 
confirmed on analysis of the pictures, nor 
did the biopsy reveal any significant change 
in the hyperplasia. Two of the patients were 
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in Grade 2, and in one instance there was 
felt to be slight changes on observation, 
which could not be confirmed by the 
photographs. In the remaining three pa- 
tients, all in Grade 1, no significant changes 
were seen in the photographs or in the 
biopsy tissues. No significant changes were 
noted in any of the placebo-treated group. 

As part of the blind analysis of both the 
photographs and the biopsy tissue, an at- 
tempt was made to select the pre- and 
post-treatment representations, without suc- 
cess. There seemed to be some fluctuation 
of color in each group. There was also 
some fluctuation in the inflammatory element 
in the biopsy specimens of both the treated 
and the untreated patients. There was no 
change in the hyperplasia in any case. 

During this study, five additional patients 
were subject to a similar analysis except 
that all received cholorprophenpyridamine. 
In these patients, too, an observer who was 
unfamiliar with the plan of the study was 
unable to select the pre- and post-treatment 
photographs and biopsy tissue. 

The exact nature of the gingival hyper- 
plasia induced by diphenylhydantoin is not 
known. Though poor oral hygiene and other 
local factors aggravate this phenomenon, 
most workers agree that the hyperplasia 
itself is drug induced. Clearly, it is not 
due to ascorbic acid (vitamin C) deficiency, 
as was originally proposed.® In a prelimi- 
nary report, Staple demonstrated adrenal 
hyperplasia, as well as gum hyperplasia, in 
ferrets? given diphenylhydantoin. This led 
him to speculate that the gum hyperplasia 
might be associated with deranged adrenal 
function. More recently, Francis and Mel- 
ville > presented evidence to show that the 
hyperplastic gums of ferrets contain an 
excess of extractable histamine. This, he 
feels, is evidence of an allergic mechanism, 
as has been proposed by several investiga- 
tors.® 

On the basis of this study, we feel that 
there is no evidence to support either a 
relationship of histamine to gum hyperplasia 
or a reversal of diphenylhydantoin-induced 
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ANTIHISTAMINES IN GINGIVAL HYPERPLASIA 


hyperplasia by antihistamines. Indeed, we 
have observed hyperplasia develop under the 
stimulus of diphenylhydantoin in two pa- 
tients, not included above, who were taking 
chlorprophenpyridamine prior to administra- 
tion of the diphenylhydantoin. 

We were initially impressed by the pos- 
sible relationship between histamine and the 
secondary changes, such as friability and 
erythema. Such a cause-and-effect relation- 
ship seems considerably less likely in view 
of our difficulty in obtaining an objective 
measure of the reversal of this phenomenon 
by antihistamines. 


Summary 

We have described an experience with the 
use of antihistamines in 31 patients with 
varying degrees of diphenylhydantoin-in- 
duced gingival hyperplasia, including 5 con- 
trol patients who received a placebo in a 
double-blind experiment. We conclude that 
antihistamines do not reverse diphenylhy- 
dantoin-induced hyperplasia, though there is 
some indication that they temporarily relieve 
pain and, to a less extent, the edema, 


erythema, and bleeding in the more severely 
involved cases. 


We wish to express our appreciation to Dr. 
Ernest Stark for interpretation of the pathologic 


et al. 


material, and to Dr. Rupert Chittick for his help 
in making patients available at the Vermont State 
Hospital. 


Degoesbriand Memorial Hospital. 
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The Electroencephalogram During Hypnotic Age 


Regression (to Infancy) in Epileptic Patients 


EMMANUEL MESEL, M.D., and FRANK F. LEDFORD JR., M.D., Cincinnati 


Introduction 


This study of the electroencephalogram 
(EEG) in hypnotic age regression was sug- 
gested by a paper published by Kupper in 
1945.18 Briefly, Kupper found that in hyp- 
notic age regression the EEG of an epileptic 
patient changed from an abnormal to a nor- 
mal record when the patient was regressed 
to a period in his life antedating the de- 
velopment of epilepsy. This finding in- 
terested us, for it suggests that some 
changes occur in hypnotic age regession that 
are not directly elicited by suggestion, un- 
like other changes that result from direct 
suggestion. Furthermore, it seemed plausible 
that such changes in the KEG might be 
easily quantitated. 

A brief review of the pertinent case re- 
ported by Kupper follows. 

The patient was a 24-year-old merchant seaman 
with a history of grand mal seizures since the 
age of 18. Diagnostic studies were within normal 
limits with the exception of an abnormal EEG, 


which showed “diffuse cortical irregularities con- 


Accepted for publication June 11, 1959. 

From the Department of Neurology of the Uni- 
versity of Cincinnati College of Medicine, and the 
Cincinnati General Hospital. 

This work was financed in part by the U. S. 
Public Health Service, U. S. P. H. S. Grant 
FG-372, and was accomplished while the authors 
were medical students. 

The authors wish to acknowledge with sincere 
appreciation the assistance and supervision given 
them by Dr. Charles D. Aring and Dr. Samuel A. 
Trufant. We are indebted to Mr. Frank Tufts, 
who gave instruction in the technical aspects of 
electroencephalography, and to all members of the 
Department of Neurology of the Cincinnati Gen- 
eral Hospital, who were most generous in assist- 
ance. Special thanks are extended to Dr. Paul H. 
Ornstein, of the Department of Psychiatry, for 
many hours of instruction in the techniques of 
hypnosis. 


72/516 


sistent with a convulsive disorder.” The patient 
had no apparent neurotic traits other than im- 
maturity and great dependency needs. Under hyp- 
nosis an emotional stress that precipitated the 
patient's first seizure was uncovered. In subsequent 
interviews hypnotic age regression was employed; 
and by this means the patient was regressed to 
his 12th birthday. An EEG recorded under these 
conditions was noted to be “within normal limits.” 
“It remained so through succeeding suggested years 
until his eighteenth year in 1938, following the 
first attack. Then diffuse cortical abnormalities 
and slight spiking occurred. The record was then 
changed within normal limits by reassuring the 
patient and the series repeated. A convulsive 
seizure was produced and stopped while under 
hypnosis on suggestion of the examiner. More- 
over, this could not be produced except by bring- 
13 


ing up the specific triangular situation,” in- 


volving the patient, his mother, and father. 

Many reports have appeared in the lit- 
erature in the interim dealing with changes 
in the EEG and in the neurologic and 
mental status of normal subjects during 
hypnotic age Likewise, 
pertinent aspects of the EEG in epileptic 
patients *:45711 have been studied. However, 
no investigation has dealt concomitantly 
with both aspects of this problem. While 
skirting this problem, Schwarz, Bickford, 
and Rasmussen '® were unable to precipi- 
tate seizures or produce changes in the 
EEG’s in 16 patients with convulsive dis- 
orders of probable organic origin having 
abnormal interseizure EEG’s, using hyp- 
notic suggestions to activate seizures. In 
10 other patients with convulsive disorders, 
but with normal interseizure EEG’s, these 
authors were able to precipitate seizures 
under hypnosis, but no changes were noted 
in the EEG’s during the seizures. 

sarker,34 Dynes,’ Ford,® and others *° 
have shown that the EEG in hypnosis does 
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not differ significantly from that recorded 
in the waking state, and that it is not a 
sleep variant. Likewise, hypnotic age re- 
gression of normal subjects produces no 
EEG changes.'*® Thus, one may not ac- 
count for Kupper’s findings on the basis 
that they represent variants produced by 
sleep or by regression per se. 

That changes in affect are capable of 
producing alterations in EEG recordings 
of epileptic patients has been well estab- 
lished. Gottschalk '! reported that the per- 
silent mental arithmetic and 
the act of talking (regardless of content, 


formance of 


if not of conflictual nature) either signifi- 
cantly reduced the frequency of abnormal 
high-amplitude, slow-wave paroxysms or 
had no noticeable effect on the frequency, 
but did not increase the incidence of these 
slow-wave bursts in any patient. Barker 5 
was able not only to elicit abnormal EEG 
patterns in epileptic patients by recall of 
charged experiences but to induce convulsive 
episodes as well. Both these studies sup- 
port one of the current concepts of the 
fit as a means for discharging the in- 


tense affect associated with an emotional 


In the present study, the primary object 
was to determine whether hypnotic age re- 
gression alone, without deep psychotherapy, 
produces alterations in the EEG of epileptic 
patients. 


Method 


The patients presented in this study were volun- 
teers selected from the neurology clinic of the 
Cincinnati General Hospital outpatient department 
according to the following criteria: known “pri- 
mary” convulsive disorders of grand mal 
EEG’'s, 


onset of seizures during adolescence. The patients 


type; 


abnormal interseizure and a_ history of 


were initially chosen at random and were later 
selected on the basis of responsiveness to hypnotic 
age regression, i. e., the ability to achieve sufficient 
trance depth for regression. Anticonvulsant 


age 


medications were not discontinued during these 
studies. 

Two control subjects, a 25-year-old male medical 
student and a 19-year-old woman clerical worker, 
were also regressed to infantile levels and their 


EEG’s recorded before and during the trances. 


Mesel- Ledford 


EEG DURING HYPNOTIC AGE REGRESSION 


Neither subject had a personal history of a con- 
vulsive disorder. 

Waking EEG’s were recorded just prior to hyp- 
notic age regression with the patient or control 
subject in the supine position, using a standard 
10-lead electrode placement on the scalp and ears. 
An_ eight-channel Model III-D  encepha- 
lograph was used for recording the EEG’s. The 
supine position was maintained during hypnosis 


Grass 


because it was comfortable during the lengthy 


procedure (up to three hours). 


Trances were induced with relaxation sugges- 
tions, hand levitation suggestions, and/or ocular 
fixation methods, as described by Wolberg.” In- 
creasing depth 


gesting catalepsy ; 


trance was achieved by sug- 


limb involuntary movement; 
cutaneous sensibility changes; visual, olfactory, and 
auditory hallucinations, and, finally, fantasy. The 
patients were able to describe suggested fantasies 
and were later able to verbalize their “regression” 
experiences without awakening and with amnesia 
for the trance experiences on awakening. Regres- 
sion was not attempted until the patients had 
achieved deep trance levels on several occasions 
as judged by posthypnotic amnesia. No attempt 
was made to record an EEG during the first re- 
gression attempt. 

Regression performed as suggested by 
Wolberg i. 
patient was getting younger, that his body was 
becoming appropriately smaller, and that he was 
once again the age suggested. In an attempt to 
differentiate “reliving” role acting on the 
basis of current age 
regression, several methods were employed. The 
first method was described by True™ and will be 
the True 
This method uses “memorable dates as chronologic 


landmarks” 


was 


e., suggestions were made that the 


from 


memory during hypnotic 


referred to as Age Regression Test. 
as the patient is regressed year by 
year. The patient is asked to name the day of the 
week corresponding to the event. Specifically, each 
of True’s subjects was asked to name on what 
day of the week his birthday and Christmas fell 
in the particular year involved when regressed 
to these same days, and was scored on the basis 
of regression to ages 10, 7, and 4 years. Using 
this test, True found that approximately 80% 
of a group of 50 subjects gave entirely correct 
answers.” 

The second method involves a test of the plantar 
response during hypnotic age regression. Gidro- 
Frank Buch reported subjects in 
whom reversal of the plantar response to its in- 


and 


three 
fantile form (dorsiflexion) was observed in hyp- 
notic that the 
infantile response was obtained when the subjects 


regression, These authors state 
were regressed to 5 to 6 months of age. In three 
other subjects who could be regressed to infancy, 


the dorsiflexion response was not obtained. Later 
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True and Stephenson” reported a group of six 
subjects, demonstrating the dorsiflexion response 
to plantar stimulation during regression to one 
month of age. 

As a third check of the validity of the regres- 
sion, each subject was asked to sign his name at 
various ages suggested in hypnosis. 


Case Summaries 


Patient A.—This patient was a 37-year-old 
white man who had had grand mal and petit mal 
seizures since the age of 14 years. His grand mal 
episodes occurred almost daily at first, chiefly 
at night. During these episodes, he was often 
incontinent of urine, bit his tongue, and suffered 
many falls. He was followed in the Cincinnati 
General Hospital psychiatric outpatient depart- 
ment from 1940 to 1952 and was transferred to 
the Neurology outpatient clinic with the diagnosis 
of idiopathic epilepsy and passive-dependent neu- 
rotic character disorder. In recent years he has had 
four types of attacks: (1) one to two grand mal 
seizures monthly, chiefly at night; (2) 60 to 80 
petit mal lapses per month, (3) numerous “falls,” 
which occur without warning, with complete con- 
sciousness, and (4) bizarre episodes of somatic 
“drawing” sensations. There was no family history 
of convulsive disorder. Projective studies in 1948 
(age 27) indicated that he was of average intel- 
ligence with unsolved dependency difficulties, sexual 
maladjustment, and latent homosexuality. His past 
EEG’s and the hypnosis record may be summarized 
as follows: 

EEG Record.—Jan. 28, 1949: There were ran- 
dom slow and flat-topped waves of 4-6 cps and 
spike-dome complexes. Well-defined spike-dome ac- 
tivity occurred several times during attempts to 
calculate under pressure. 

Oct. 15, 1952: Slow (5-7 cps) activity and, 
additionally, high-amplitude spike-wave 
after hyperventilation were present. 


activity 


Sept. 16, 1954: The record was characterized 
by fast (14-18 cps) and slow (4-5 cps) activity, 
with high-amplitude bursts of 3 cps spike-dome 
activity, nonfocal. 


Hypnosis Record—The record obtained prior to 
hypnosis showed an admixture of fast (20 cps) 
and slow (5-8 cps) activity in all leads. Hyper- 
ventilation for two minutes produced no response. 
No paroxysmal activity was noted, and no focal 
signs were present. This record was essentially 
the same as one obtained 10 days previously, ex- 
cept that two paroxysms of 3 cps spike-and-wave 
activity were noted at that time. Hypnotic age 
regression produced no changes in the record. 
Impression: mixed fast and slow dysrhythmia 
without focal signs, and without change during 
hypnosis. 
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Patient B.—This patient was a 16-year-old 
Negro youth with no family history of convulsive 
disorder, who began having grand mal seizures at 
the age of 14 years. The seizures were usually 
nocturnal, characterized by “growling” sounds, 
thrashing of limbs, incontinence of urine and feces, 
tongue biting, and complete amnesia for the 
episodes. The boy had been an amateur boxer for 
several years, and had been knocked unconscious 
in a basketball game six months prior to his first 
attack. He had been free from seizures for a 
period of six months and was apparently in ex- 
cellent health. The past EEG’s and the hypnosis 
record are summarized. 

EEG Record.—July 22, 1957: There was a 9-10 
cps basic occipital pattern. The general tenor was 
one of irregular, slow (2-6 cps) activity in all 
leads. A bifrontal 3 cps pattern was seen in the 
left temporal area also, of higher amplitude and 
greater irregularity than that on the right. Impres- 
sion: marked slow dysrhythmia with paroxysmal 
sequences and left temporal localization. 

Hypnosis Record—This record, taken in the 
summer of 1958, revealed an 8-10 cps basic oc- 
cipital pattern, reflected at lower amplitude in the 
anterior leads. There were interposed throughout 
slow (4-6 cps) and some low-voltage fast (18 
cps or more) activity. More of this slow and 
fast activity was encountered during hyperventila- 
tion than prior to hyperventilation. Hypnosis re- 
duced movement artifact but did not essentially 
change the record. Impression: moderate, mixed 
fast and slow dysrhythmia; no focal signs or 
paroxysmal activity. 

Supyect C (Control).—This subject was a 25- 
year-old white male medical student with no per- 
sonal history of convulsive disorder. A paternal 
uncle had had grand mal seizures from early child- 
hood, thought to be due to birth trauma. 

Hypnosis Record—The record obtained prior 
to hypnosis showed a 9-10 cps basic occipital fre- 
quency pattern, reflected at 
amplitude anteriorly. Hyperventilation for two 
minutes resulted in bifrontal slow (4-6 cps) ac- 
tivity of low amplitude. This persisted about 20 
after hyperventilation. No paroxysmal 
activity or focal signs were noted. The record 
was not altered during hypnotic age regression. 
Impression: activity within normal limits. 

Supyect D (Control).—This 19-year-old white 
woman clerical worker had no personal or family 
history of convulsive disorder. She had had 
“temper tantrums” as a child and has had fre- 
quent mild generalized headaches in recent months, 
which she ascribed to worries in her job. 


which was lower 


seconds 


Hypnosis Record.—The record obtained prior to 
hypnosis showed low-amplitude 15-20 cps activity 
in all leads. Hyperventilation for two minutes re- 
sulted in short bursts of 3-4 cps activity, pre- 
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EEG DURING HYPNOTIC AGE REGRESSION 


dominantly in the anterior leads. Occasional slow 
waves (3-5 cps) appeared for 50 seconds after 
hyperventilation. No focal signs were noted. The 
record during hypnotic age regression showed the 
same low-voltage fast activity as before. Impres- 
sion: mild fast dysrhythmia, nonfocal in nature, 
with no change during hypnosis. 


Results 


As has been described above, no signifi- 
cant changes from the waking records were 
noted in the electroencephalograms of the 
patients and control subjects during hyp- 
notic age regression. 

There was no significant alteration in the 
plantar responses of patients or control sub- 
jects when regressed to ages of 1 year, 6 
months, and 1 month. 

Signatures obtained from the patients and 
control subjects at various “ages” during 
hypnotic regression appeared increasingly 
childlike as earlier ages were suggested. The 
signatures became progressively larger, and 
eventually all the subjects resorted to prim- 
itive separate block letters. The two patients 
used their childhood nicknames at the re- 
gression age of 7 years. Unfortunately, pre- 
served specimens of childhood handwriting 
were not available for comparison with the 
samples obtained during regression in any 
case. 

Results of the True Age Regression Test 
are presented in the accompanying Table. 


Comment 


Hypnotic age regression produced no sig- 
nificant change in the EEG’s of the control 


True Age Regression Test Results 


Correct 
Responses 
No.of — 


No. of 
Age, Chronologic 
Subject Yr. Landmarks* Responses t No. Per 
Cent 
A 37 1 25 
B 16 2 25 
C (control) 25 1 50 
D (control) 19 0 0 


* Asked subject to give day of the week for Christmas and 
birthday at ages of 10, 7, and 4 years and at other ages. 

t Subject felt sure of the day of the week (difference between 
the number of responses and the number of landmarks reflects 
the number of “I don’t know” answers). 


Mesel—Led fo rd 


subjects, confirming previous reports.#1® 
That this procedure produced no change in 
the abnormal EEG’s of the patients does 
not confirm the work of Kupper. It does 
not refute his findings, since psychotherapy 
was not attempted in this study and no 
precipitating emotional factors were uncov- 
ered. Thus the question that arises concern- 
ing the influence of psychotherapy on the 
EEG during hypnotic age regression re- 
mains unanswered. 

Kupper stated that “diffuse cortical ir- 
regularities” reverted to “normal” during 
regression, but did not further define the 
irregularities or the normalcy. Comparisons 
are difficult to make under such circum- 
stances. There is no assurance that regres- 
sion suggestions in the waking state without 
hypnosis might not have produced the ef- 
fects observed by Kupper if the age sug- 
gested related to a nonconflictual period in 
the patient’s life. 


To assume that the epileptic patients re- 
ported here had “normal” EEG’s during 
childhood is unwarranted, since no records 
were obtained during that period. This poses 
a problem for future studies also, because 
it is unlikely that a patient will have had 
an EEG recorded before the onset of his 
illness. Fortuitously, one of the control sub- 
jects in this study was found to have a 
fast dysrhythmia, as described, and the 
other control subject was found to have a 
family history of convulsive disorder. 


Admittedly, the True Age Regression 
Test results suggest that neither patients 
nor controls were truly regressed. However, 
the applicability of this test as described 
is questionable if during hypnotic age re- 
gression the subject cannot name all the 
days of the week. Indeed, such was the 
case with one of the patients (B) in this 
study. When asked to name the days of 
the week at the suggested age of 5 years, 
he responded: “Saturday, Sunday, Tuesday, 
Wednesday, and Friday.” When asked if 
there were any other days, he replied, “Holi- 
days.” Frequently answers of “I don’t 
know” or “T can’t tell’ were encountered 
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in response to requests to name the day of 
the week. The assumption that birthdays 
and Christmas are significant, and are there- 
fore “memorable chronological landmarks,” 
to all subjects, is open to question. 

Plantar stimulation during hypnotic age 
regression to infancy elicited equivocal 
dorsiflexion responses in both patients and 
one control subject (the clerical worker), 
but these responses were not sufficiently 
consistent to be considered significant. Thus 
far this altered response has been reported 
in only a small number of subjects, some 
of whom may have had enough medical 
training to prejudice the results. For ex- 
ample, one group consisted of student 
nurses,'® 

Whether the signatures were the product 
of true regression, or of conscious recall 
of past performance, cannot be determined, 
since authentic early samples for compari- 
son were not available. 


Summary 


A brief review of the literature pertinent 
to hypnotic age regression is presented. 
Kupper observed that the “abnormal” EEG 
of an epileptic patient undergoing psycho- 
therapy could be reverted to “normal” in 
hypnotic age regression to a time antedating 
the onset of seizures. His findings could 
not be confirmed by using hypnotic age 
regression alone. 

Two patients with primary grand mal 
seizures were regressed in hypnosis to a 
time antedating the development of con- 
vulsions. No change from their waking 
records was observed in simultaneous EEG 
recordings during hypnotic age regression. 
Both patients had abnormal waking EEG’s, 
as did one of the “control” subjects, who 
had no history of a convulsive disorder. 
The EEG’s of the two “control” subjects 
also showed no change in hypnotic age 
regression. 

The True Age Regression Test and the 
plantar response during regression to in- 
fancy, as measures of the validity of re- 
gression, were equivocal at best. Signatures 
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obtained at various “ages” in hypnotic re- 


gression reflected increasingly childlike pat- 
terns. 


University of Cincinnati College of Medicine. 
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Minamata Disease 


Late Effects of an Unusual Neurological Disorder Caused by Contaminated Fish 


DOUGLAS McALPINE, M.D., F.R.C.P., and SHUKURO ARAKI, M.D., Kumamoto, Kyushu, Japan 


industrial town 
situated near the southwest coast of Kyushu, 


Minamata is a_ small 
the most southerly of the three main islands 
of Japan. A number of villages are located 
on or near a neighboring bay. Into this bay 
flows the effluent from a large fertilizer 
factory. Between 1953 and 1956 a mysteri- 
ous nervous disease affected the fishing com- 
munity living near the bay. The outbreak 
was investigated by a number of depart- 
ments of Kumamoto University, and the 
results were published in 1957, in Japanese 
in two supplements of the Journal of the 
Kumamoto Medical Society. The following 
brief account is taken from a recent article, 
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summarizing the Japanese accounts of the 
outbreak (McAlpine and Araki ?*). 
Between November, 1953, and December, 
1956, a total of 56 persons living on or near 
Minamata Bay were affected by a neuro- 
logical illness characterized by an acute or 
a subacute onset of numbness and cerebellar 
signs. Deafness and disturbance of vision, 
increased salivation, and dysphagia were 
noted with varying frequency. The more 
seriously ill patients were confused, and 
many of these died (mortality rate 37%). 
The majority of those who survived were 
incapacitated in varying degrees. The main 
pathological finding was neuronal degenera- 
tion in the central nervous system, most 
marked in the granular layer of the cerebel- 
lum (Fig. 1) with reactive gliosis (Takeuchi 
et al.2). Experimentally, the disease could 
be readily produced in cats by feeding them 
with fish from Minamata Bay. The his- 
tological findings were similar to those found 
in human material, the granular layer of the 


| 
4 
Fig. 1—Neuronal de- 
os y generation in the granular 
ayer O e cerebellum. 
layer of the cerebellu 
Nissl stain. 
| 
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cerebellum 
changes. 


showing the most striking 

A detailed investigation by the Public 
Health Department of Kumamoto Univer- 
sity (Kitamura et al.*) established the fol- 
lowing epidemiological points: First, there 
existed a close relationship between the eat- 
ing of fish and the occurrence of the disease. 
No breast-fed child was affected. Second, 
during the same period a fatal illness af- 
fected domestic animals, mainly cats, and 
scavenging crows which fed upon _ fish. 
Third, the fish responsible for the outbreak 
came from Minamata Bay, an observation 
later supported by the fact that following 
a ban on fishing in the Bay, which came 
into force in November, 1956, no further 
case had been reported, up till April, 1958. 
Lastly, chemical analysis of silt from the 
Bay suggested that the water was polluted. 
Two other observations of importance came 
to our notice in 1958—first, that some fish 
in Minamata Bay had died, and, second, that 
up till 1950 the effluent from the fertilizer 
factory had been diverted into the open sea; 
in 1950 the channel was closed, and a new 
one constructed which ran directly into 
Minamata Bay.?° 


Report of Cases 


During two visits to Minamata, in February 
and March, 1958, we had an opportunity of ob- 
serving the late effects of the disease in 16 patients 
whom we examined during a visit to their own 
homes. An_ additional six were seen in 
Kumamoto University Hospital. The following case 
reports are illustrative of the disease. 


FAMILY E.—Visited on March 14, 1958. 


cases 


The father, aged 48 in May, 1956, noticed numb- 
ness in both hands and a tired feeling in the legs. 
These mild symptoms did not progress, and he was 
able to continue at 
was symptom-free. 


work. After some weeks he 

The mother, aged 43 at the beginning of May, 
1956, developed numbness in the fingers of both 
hands, which, within a week, had spread to the 
feet and the lips. By the time she was admitted 
to a local hospital, on May 12, speech had become 
slurred, and she staggered in walking. During the 
next few months her condition slowly improved, 
and by 1958 the only residual symptom was slight 
numbness of the finger tips. 


McAlpine—Araki 


An 11-year-old son, in late April, 1956, developed 
indistinct speech and some difficulty in using chop- 
sticks. No definite history of numbness could be 
obtained. His symptoms worsened, and by May 
12, when he was admitted to hospital, he was 
unable to walk. At the time of his discharge, on 
Aug. 30, he had started to improve, and walking 
eventually became normal. A son aged 9 years 
had a history almost identical with that of his 
elder brother. His illness began in July, 1956, 
and reached its climax at the end of three weeks, 
by which time he was unable to walk without 
support. Progressive improvement followed a 
period of hospital treatment, and by the end of 
1957 he was walking and speaking normally. 

The youngest child, aged 5 years in May, 1956, 
was noticed to stagger when walking and often 
fell. Her speech became difficult to understand. 
When admitted to a local hospital, on May 12, 
feeding by nasal tube was necessary on account 
of dysphagia. She died two weeks later, following 
aspiration pneumonia. 


A routine examination of fundi, reflexes, co- 
ordination, and pinprick sensation in the first four 


cases showed no abnormality. 


The four oldest members of this family 
are married and live elsewhere. The fifth 
oldest sibling died some years ago, The 
parents and three of four of the remaining 
children were affected by Minamata disease 
in varying degree; all ate fish, and, to a 
less extent, raw fish. 

FAMILY K.—Visited March 13, 1958. 

The father, aged 23, was taken ill on June 17, 
1954, with slurred speech, tremor of the hands, 
and unsteadiness in walking. He was admitted to 
Kumamoto University Hospital on July 18. No 
history of deafness or disturbance of vision was 
obtained. On examination the findings were dys- 
arthria and marked ataxia in the limbs and on 
attempting to walk. Deep sensation was affected 
(no details given). The deep reflexes were present, 
and the plantar responses were flexor. On return- 
ing home at the end of August, his 
worsened, and he died in June, 1955, 


condition 


A son, aged 


5 years in April, 
cold and a 


week 


1954, 
noticed to be weak 
on his left leg. Gradually speech became indistinct, 
and awkwardness in handling chopsticks and un- 
steadiness in walking were noticed. No history 
suggesting deafness, visual disturbance, or dys- 


caught 
later was 


phagia could be obtained. After a few months, 
walking began to improve, although he continued 


to drag the left leg and the use of his hands was 
slow to return. 


Examination revealed a shy boy with slight 
slurring of speech. Fundi normal; no nystagmus. 
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Hearing was apparently normal, but formal testing 
was impossible. Jaw jerk normal; no facial weak- 
four 
especially in the left lower limb, which was mildly 


ness. Power in all limbs was diminished, 
spastic. Deep reflexes were exaggerated, more so 
on the left, with an extensor plantar response. 
In walking he tended to drag the left leg. Minimal 
cerebellar ataxia was present in the limbs. No ac- 
curate sensory testing was possible. 

A son, born Aug. 26, 1955, in April, 1956, when 
& months old, had an attack of measles, with a 
profuse rash and a temperature of 102-103 F for 
about a week. During this period and following 
it, he was entirely conscious, had no convulsions, 
How- 
mother 


and apparently made a normal recovery. 


three to four months later, his 


Since then he 
He has been breast- 


fed up to the present time (age 2 years 7 months) 


ever, 
noticed that he could not sit up. 
has never talked or walked. 
and only recently has had any addition to this 
feeding. 

The child cried continuously, and only a_per- 
functory examination was possible. There was no 
clinical evidence of hydrocephalus. His gaze ap- 
peared to follow a moving object, and he responded 
to a loud noise. All limbs were actively moved. 
Deep reflexes were brisker on the left than on 
the right. He crawled on a wide base but, never- 
theless, frequently fell over 

There can be little doubt about the diag- 
nosis of Minamata disease in the case of the 
father and older child. In the younger one, 
the absence of a history suggesting menin- 
gism, stupor, coma, or convulsions, and the 
interval of three months before any abnor- 
mality was noticed do not, on the whole, 
favor the previous diagnosis of measles 
encephalitis. On the other hand, the child 
was being breast fed at the time symptoms 
appeared, and the mother showed no evi- 
dence of Minamata disease, facts which 
make this diagnosis doubtful. 

Case H. N.—A man, aged 43, in October, 1956, 
suffered from a large carbuncle on the back, which 
finally healed under treatment by his wife. In the 
middle of November he first noticed numbness in 
the fingers of both hands and a tingling sensation 
on the tongue. By the middle of December, both 
speech and hearing were affected, and at times 
blurred. 
walking and had difficulty in putting on his belt and 


vision became He began to stagger in 


in feeding himself, owing to numbness in_ the 
fingers. By the end of December, symptoms had 
reached their maximum severity, and from Jan- 
uary, 1957, onward there was slow improvement, 
except for a short period in April, when numbness 


became intensified and was felt in the face for the 
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time. 


first 
nearly normal; he no longer staggered; hearing 


By March, 1958, speech had become 


had improved, and only occasionally was vision 
blurred. However, slight numbness in the fingers 
and. feet persisted. 

On examination (March 14, 1958), the patient 
Fundi normal; no nystagmus; 
jaw jerk normal. No facial weakness or sensory 


was cooperative. 


loss. Speech slow and deliberate with occasional 
Power 
in all four limbs normal. Deep reflexes somewhat 


slurring. Hearing normal (rough testing). 


hyperactive but plantar responses flexor on both 
sides. Sensory testing showed some loss of super- 
ficial slight 
two-point discrimination the 


sensation, astereognosis, and faulty 
fingers, but re- 
sponses to passive movement were reasonably ac- 
curate. Vibration sense normal in lower limbs. 
Intention type of tremor present in upper limbs. 
Walking 


not in evidence. 


somewhat slow and deliberate; ataxia 

This case exemplifies a good recovery 
from a typical attack of Minamata disease. 
The patient’s wife and 19-year-old son were 
unaffected, although apparently they con- 
sumed about the same amount of fish as 
the patient. It is possible that an infection, 
i. e., carbuncle, precipitated the condition in 
the father. 

Cast K. S.—An unmarried woman. In_ the 
1954, at the age of 25, 
noticed slurring of 


spring of her parents 
her speech, clumsiness when 
using chopsticks, and  unsteadiness when she 
walked. These symptoms gradually progressed to 
the point that she was unable to stand, or even 
sit up. A improvement in the 
early part of 1957 was lost after she had a gen- 
eralized September of that 


she has been confined to bed, takes 


temporary slight 
convulsion in year 
Since then 
no interest, laughs without reason, and is doubly 
incontinent. No history of numbness, deafness, or 
could be 
Examination 


visual disturbance obtained her 


mother. showed an emaciated and 
grossly demented woman, lying on a mattress; 
from time to time she had bouts of involuntary 
laughter. Owing to lack of cooperation, no detailed 
examination was possible. No gross loss of vision 
fundi not 
nystagmus; jaw jerk normal. 


marked 


or hearing was detected; seen; no 
Quadriplegia, with 
contractures at 


elbows and knees, was 


evident; plantar responses were bilaterally ex- 
tensor. 

Since the patient was unable to give a 
history, it is possible that numbness was 
present in the early stages of her illness. 
The clinical evidence of widespread corti- 
cal or subcortical and cerebellar damage was 
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similar to that found in severe and pro- 
gressive cases of the disease. 

The history of the next two cases was 
taken from notes published by the First 
Internal Medical Department of Kumamoto 
University (Katsuki, Tokuomi, et al.*). 

Case O.—A man, aged 41, a barber by trade, 
in the middle of October, 1956, noticed numbness 
in the fingers of the left hand, which four or 
five days later affected the right hand and both 
feet. By Oct. 25 it was present around the mouth 
and on the lips and had spread up to the elbows 
and thighs. Walking became unsteady, and, with 
increasing difficulty in using his limbs, he was 
forced to remain in bed. Between Nov. 8 and 10 
speech became indistinct and hearing difficult, and 
he began to be troubled with insomnia. On Nov. 
19, when he admitted to Kumamoto Uni- 
versity Hospital, numbness had spread to the lower 
part of the The main 
slurred speech; normal fundi and constriction of 
visual fields; pupils normal; no nystagmus. He 
was mentally alert. There was no paralysis, but a 
marked degree of ataxia was evident in the limbs 
and on attempting to walk. Superficial sensation 
was diminished in the limbs. All deep reflexes 


was 


abdomen. findings were 


present; plantar responses flexor. During Decem- 
ber deafness became more marked, and he com- 
plained of numbness all over the body and on the 
face. Ataxia was severer, and he could not stand 
without support. Both plantar responses were now 
extensor. By April, 1957, weakness of the limbs 
was noted, with early wasting of both hands. He 
became subject to myoclonic attacks. He was dis- 
charged in June, 1957. 

When seen by us at his home on Feb. 20, 1958, 
he was in bed. According to his wife, further de- 
had occurred since he had left the 
hospital. She stated that he now takes little inter- 
est but is sometimes jealous of her. Whenever he 
is given any fluid or food, he has generalized 
“twitchings.” 


terioration 


Examination revealed an apathetic, emaciated, 
Fundi 


deaf middle-aged man. normal; ny- 
stagmus; bilateral weakness of lower facial 
muscles, and probably sensory loss around the 


mouth; remaining cranial nerves normal. Gener- 
alized wasting of limbs, especially marked in in- 
hands, with mild degree of 
paresis. Upper limb reflexes depressed; knee jerks 
hyperactive but ankle jerks diminished; patellar 
clonus present but no ankle clonus; right plantar 
response equivocal, left of extensor type. Hypes- 
thesia below both wrists and on feet, with postural 


trinsic muscles of 


loss in fingers and toes; no loss of pain sensation. 
Marked ataxia of all limbs on formal testing and 
patient unable to stand unsupported. Within a few 
seconds of drinking water he was seized with 
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Fig. 2 (Case O.; see text) —Photograph taken 
during a myoclonic epileptic attack. 


generalized myoclonic movements, whose main 
effect was on the muscles of the trunk (Fig. 2). 
The patient remained conscious during the attack, 
which lasted about one and a half minutes. 

A particularly severe case with slow pro- 
gression and clinical evidence of wide- 
spread cerebral damage. The ataxia 
appeared to be both cerebellar and sensory 
in type. This was the only case in the 
series in which a myoclonic form of epilepsy 
was reported. 

Case Ka.—A woman, aged 42, became ill on 
May 8, 1956, with numbness of the hands, which 
quickly spread to the forearms and around the 
mouth. During June, tremor of the was 
noted; speech became slurred, and within the next 
few weeks increasing unsteadiness finally prevented 
her from walking. Mental confusion, double in- 
continence, and involuntary movements of her limbs 
had developed prior to her admission to Kumamoto 
University Hospital, on Aug 30. At that time she 
appeared apathetic but burst into 
laughter or screamed. Choreoathetotic movements 
were constantly present, particularly in the upper 
limbs. No abnormality in fundi, motor power, re- 
flexes, or sensation could be found. Mental con- 


arms 


occasionally 


fusion became worse, and at times she assumed 
an opisthotonic posture. Improvement dated from 
the administration of cortisone, and by Sept. 10 
she was able to walk a few steps, though un- 
steadily. Improvement continued until May, 1957, 
when, during the course of 48 hours, she had a 
series of generalized convulsions, followed by a 
period of hypomania. 
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When seen by us at Kumamoto University 
Hospital on March 10, 1958, she presented a 
generalized coarse rhythmical tremor, which was 
more marked in the upper limbs than in the head 
or lower limbs, and which became accentuated 
on voluntary movement. At times an access of 
tremor led to violent shaking, which was usually 
accompanied by laughter and shouting. While 
walking, she would suddenly go backward but 
nevertheless managed to retain her balance, despite 
ataxia. No features of Parkinsonism were present. 
The remainder of the examination was essentially 
negative. 

The character of the tremor suggested an 
interruption of striorubrocerebellar path- 
ways. The patient cooperated well, was 
oriented, and we formed the impression 
that intellectual deterioration, if present, was 
probably mild in degree. (A° hysterical 
overlay may or may not have accounted for 
the bouts of emotional overreaction and 
pseudoretropulsion. ) 

The following history of two sisters has 
previously been published by the pediatrics 
department of Kumamoto University (Na- 
gano et al.®). 

Case S. T.—A girl, in March, 1956, at the age 
of 5 years 11 months, had fever for one day. 
She was then observed to have difficulty in using 
chopsticks and in putting on her shoes. Within 
the next two or three weeks speech became slow 
and indistinct; she staggered in walking and often 
fell. On April 17 her mother noticed that the 
child appeared to have difficulty in seeing and in 
swallowing. She was unable to sleep and became 
agitated. On April 23 she was admitted to a local 
hospital, where two days later she had a gener- 
alized convulsion and nasal feeding became neces- 
sary. She was transferred to the pediatrics 
department on Aug. 30, by which time she had 
become drowsy and incontinent. Both hearing and 
vision appeared to be affected. Speech was dysar- 
thric, and she was unable to stand unsupported. All 
deep reflexes were exaggerated, and the plantar 
responses were extensor. Subsequently there was 
no improvment. 

When examined by us on Feb, 26, 1958, the 
child could not sit up, and was mute and appar- 
ently mentally defective, although deafness may 
have contributed to this impression. She appeared 
to see her mother and responded to a_ bright 
light. The pupils reacted, and the fundi were 
normal. Nystagmus was present on lateral fix- 
ation. All 
with well-marked flexion withdrawal reflexes in 


four limbs were flexed and_ spastic, 


the lower limbs. 
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Cast J. T.—A younger sister of the preceding 
patient, on April 23, 1956, at the age of 2 years 
11 months, developed indistinct speech and un- 
steadiness. By May 7, she was no longer able to 
walk; swallowing had become difficult, and she 
was incontinent. During the two months prior 
to admission there had been some improvement. 

When examined by us, she was unable to sit 
up unaided and did not speak. She displayed 
pleasure when shown a tangerine, but made no 
attempt to grasp it. The disks were normal. She 
could move all four limbs freely. The deep re- 
flexes were exaggerated and the plantar responses 
equivocal. Limb ataxia was not in evidence. 

The disastrous effects of the disease on 
young children is illustrated by these two 
Mutism was confirmed by the 
mother in each child. 


sisters. 


Comment 

The complex and varied effects of Mina- 
mata disease are, in part at least, illustrated 
by the case reports. These clearly establish 
an initial phase of peripheral neuropathy. 
Numbness around the mouth, as experienced 
by some of these patients, has occasionally 
been reported in deficiency states (Denny- 
3rown ®) and in association with neuropathy 
due to carcinoma 
Wilkinson“). 


In the published accounts of Minamata 


(Henson, Russell, and 


disease, depression of the reflexes was noted 
only twice during the acute phase of the 
disease. With the exception of O., in whom 
we found depression of the upper limb re- 
flexes and of the ankle jerks, the deep re- 
flexes in those patients whom we examined 
were normal or exaggerated. Therefore it 
seems possible that the limb paresthesias 
were primarily due to involvement of the 
posterior root ganglia or the posterior col- 
umns. The information available to us, 
particularly with regard to postural and 
vibration senses in the early stage of the 
disease, was not sufficiently detailed to en- 
able a conclusion to be drawn as to the 
likelihood of so-called “sensory neuropathy” 
(Denny-Brown *), although in a few cases 
a history of generalized numbness, asso- 
ciated with clumsiness of the fingers but 
without a history of motor weakness, was 
suggestive. 
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Cerebellar signs, such as slurred speech, 
ataxia, or tremor, were observed by us only 
in the more seriously affected patients. In 
the majority, although there was a clear 
history of such symptoms, residual signs 
of cerebellar deficit were either minimal or 
entirely absent. 

Except in children, deafness was uncom- 
mon in the chronic stage of the disease. Im- 
pairment of vision was also noted by us in a 
proportion of the more severely affected 
patients. Perimetry in these cases was not 
possible, but during the original illness evi- 
dence of a generalized constriction of the 
visual fields was sometimes found; in no 
case was a central scotoma reported. In all 
patients whom we examined at a later stage 
the fundi were normal, with one exception. 
This concerned a boy who in 1954, at the 
age of 6 years, began to salivate excessively. 
Walking became unsteady, and vision de- 
teriorated progressively, so that within two 
years he became blind. When examined, on 
March, 1958, he showed advanced optic 
atrophy unassociated with chororetinitis, 
mild right-sided weakness, bilateral extensor 
plantar responses and cerebellar ataxia in 
both upper limbs. The Wassermann test 
had not been carried out, but the picture 
did not suggest congenital neurosyphilis. 
The year of onset, the initial sialorrhea, and 
the clinical findings, apart from the optic 
atrophy, favored a diagnosis of Minamata 
disease rather than a demyelinating disease. 

Dysphagia was mentioned in several hos- 
pital case reports as an occasional early 
symptom, but we did not encounter it or 
other clear-cut brain-stem signs as late se- 
quelae, with one exception—Case Ka., in 
in which a red-nucleus type of tremor may 
have been due to a midbrain lesion. 

So far, the effects of the disease on the 
peripheral nervous system, cerebellum, and 
special senses have been considered. In 
addition, a number of cases showed wide- 
spread cerebral changes. The published ac- 
counts of the acute phase of the disease 
emphasize the prominence of insomnia, 
mental confusion, stupor or coma (in the 
fatal cases), convulsions, and involuntary 
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movements, thus providing clear evidence 
of diffuse encephalopathy. In some of the 
patients whom we examined more than two 
years later, evidence of intellectual deterio- 
ration was present; and in a few instances 
this appeared to be progressive, a finding 
which, along with epilepsy of late onset 
and increasing limb spasticity with incon- 
tinence, suggested a progressive form of 
neuronal degeneration. Case K. S. falls into 
this group. Although involuntary move- 
ments were reported in several patients dur- 
ing their acute illness, we did not observe 
Parkinsonism or chorioathetosis as a sequel. 


The severe effects on young children are 
apparent from the description of the dis- 
ease in the T. sisters. Mutism was noted 
in five children whom we examined, aged 
from 4 to 8 years. In three of these chil- 
dren this defect was doubtless due, in part, 
to deafness. In four of the six children 
originally admitted to the pediatrics depart- 
ment during the acute phase of the disease 
vision was stated to be affected. One of the 
T. sisters and one other child seen by us 
had defective with normal fundi, 
suggesting a cortical type of blindness, par- 
ticularly as the presence of gross mental 
impairment and quadriplegia provided other 
evidence of widespread cerebral damage. 


vision 


With a disease so widespread in its ef- 
fects on the nervous system, evidence of 
myelopathy might have been expected. How- 
ever, with the exception of Case O., in 


which there was wasting, particularly of the 


intrinsic muscles of the hands, such evi- 
dence was lacking in those patients whom 
we examined in the chronic stage of the 


Fig. 3—Child aged 4 years 6 months—mute and 
severely quadriplegic. 
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disease. When pyramidal signs were found, 
widespread cerebral damage appeared to be 
the explanation. 

On the whole, there was a fair amount of 
agreement and the 
Owing to the fact 
fixed on 


between the clinical 
pathological findings. 
that the cerebral 


manifestations of the disease, histological 


attention was 
confirmation of neuropathy was _ lacking. 
The marked and constant fall-out of cells 
in the granular layer of the cerebellum ade- 
quately explains the cerebellar signs; like- 
wise, the widespread neuronal degeneration 
in the cortex is consistent with the clinical 
picture of encephalopathy, while the pres- 
ence of gliosis would account for the pro- 
gressive deterioration in some of the more 
seriously affected patients who survived. 
Viewed broadly, the histological findings 
were not those of encephalitis but were 
consistent with a widespread toxic process 
with a special predilection for neurons. 


Etiology 


It is not our purpose to discuss this ques- 
tion in any detail, but some reference must 
be made to it in the light of the clinical 
findings. As previously stated, the cause of 
the outbreak has not yet been determined; 
but on theoretical grounds the action of 
either a thiaminase or a toxic agent must 
be considered. 

Thiaminase.—The association of neurop- 
athy with deafness and impaired vision 
suggested to us that the clinical picture of 
Minamata disease might be explained in 
terms of a deficiency disease due to the ac- 
tion of a thiaminase contained in raw fish. 
In 1941 Green and his associates ® described 
a neurological disorder (Chastek paralysis ) 
which had developed in foxes fed on a diet 
of raw carp. Jubb and his colleagues 
have recently reported their findings in cats 
brought to them because of an illness caused 
by a diet of canned commercial cat food 
containing whole fish. Anorexia was fol- 
lowed by ataxia, suggesting cerebellar dys- 
function. Convulsions transient 
feature during the critical phase of the dis- 


were a 
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ease. A quick improvement usually fol- 
lowed the injection of B group of vitamins. 
Prominent among the histological findings 
in the severely affected cats were focal and 
bilaterally symmetrical hemorrhages in the 
periventricular gray matter; these were seen 
less constantly in the vestibular, oculomotor, 
and red nuclei, and in the mammillary 
bodies. The authors refer to previous work 
in cats, in which an acute neurological dis- 
order was caused by a diet containing dog 
food and brewer’s yeast autoclaved to de- 
stroy thiamine (Everett '), or by a diet 
of carp or salt-water herring (Smith and 
Proutt '*) both of which were shown by 
Deutsch and Hasler’ to contain a_thia- 
minase. In these experiments a rapid re- 
sponse followed injections of thiamine. 
Jubb and his associates consider that the 
naturally occurring disease which they en- 
countered in cats is analogous to that ob- 
served experimentally by Everett and Smith 
and Proutt. They conclude that it is due 
to thiamine deficiency resulting from the 
inactivation of the vitamin by thiaminase 
present in fish. 

Turning to the human form of Minamata 
disease, signs such as ocular pareses and 
nystagmus, both conspicuous features of 
the cerebral picture produced by thiamine 
deficiency, were not observed, nor were the 
characteristic hemorrhagic lesions in_ the 
mammillary bodies or upper brain stem 
reported in a single fatal case. Likewise, 
in the cat form of the disease hemorrhages 
were not a feature. Furthermore, neuronal 
degeneration in the granular layer of the 
cerebellum, a striking feature of Minamata 
disease in both human and cat material, 
has not been reported in any of the nutri- 
tional disorders of the nervous system. 

Additional that 
Minamata disease is not due to the effect 
of a thiaminase are as follows: 1. The eat- 
ing of raw fish, more particularly by fisher- 
men their 


reasons for believing 


and families, is customary 


throughout Japan; yet, as far as we could 


ascertain, no similar outbreak has previously 


been reported. 2. According to Fuyjita,™ 
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thiaminase is found mainly in certain varie- 
ties of fresh-water fish in Japan, and, with 
the exception of shellfish, the salt-water fish 
which he tested contained little or none of 
the enzyme. In the majority of the affected 
families the amount of shellfish consumed 
was small as compared with other varieties 
of sea fish. 3. Cooked, as well as raw, fish 
appeared to cause the disease. Thiaminase 
is destroyed by cooking. 4. The fish in the 
Bay were themselves affected, suggesting 
the action of an extrinsic poison. 

1 Toxic Agent.—In our previous paper 
we referred to the results of chemical analy- 
ses of human and animal material, of fish, 
and of the silt from Minamata Bay, car- 
ried out independently by a number of de- 
partments of Kumamoto University. We 
stated that there was general agreement 
that a toxic fish had been the 
cause of the outbreak, but its chemical na- 


factor in 


ture had not been determined. 

The effect of certain metals on the nerv- 
ous system may resemble to some extent 
those met within The 
best known are the compounds of methyl 


Minamata disease. 


mercury, which may cause ataxia, dys- 
arthria, constriction of the visual fields, oc- 
casionally an extensor plantar response 
neuritis 


Thal- 


lium intoxication may produce a complex 


and, experimentally, peripheral 


(Hunter, Bomford, and Russell ™). 
neurological picture—psychosis, choreiform 


movements, inversion of rhythm, 


deafness, retrobulbar neuritis with optic 


sleep 


atrophy, ocular paresis, bulbar palsy, py- 
ramidal signs, and polyneuritis. In severe 
cases convulsions may be followed by coma 
and death (Prick, Smitt, and Miller !). 
Cerebellar signs have not apparently been 
described. We have been unable to find any 
reference to neurological symptoms result- 
ing from chronic selenium intoxication, al- 
though mild psychiatric symptoms have 
been described (Lemley and Merryman '*). 

Degeneration in the granular layer of the 


cerebellum, which is a conspicuous feature 


of Minamata disease, is nonspecific; it may 


occur in a variety of conditions, such as 
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hypoglycemia, hyperglycemia, mercury in- 
toxication (bichloride and methyl 
pounds), and chronic alcoholism 
and Meyer '*; and Neubuerger ). 


com- 
( Leigh 


Manganese, selenium, and thallium have 
received most attention from those investi- 
gating Minamata disease; only thallium 
would seem capable of producing the main 
clinical features of this condition. 

Dr. Leonard T. Kurland, National Insti- 
tutes of Health, Bethesda, Md., and Dr. 
Bruce Halstead, of the Tropics Research 
Institute, Loma Linda, Calif., were invited 
by the Japanese authorities to collect speci- 
mens for chemical and pharmacologic analy- 
sis. The results of these analyses of fish, 
shellfish, sea water, and silt from the Bay 
may throw further light on the identity of 
the toxic substance. 

Whatever may be the nature of the chemi- 
cal compound responsible for this disorder, 
its probable action is on enzyme systems, 
Katsuki 


as originally suggested by and 


Tokuomi. 


Summary 


Between 1953 and 1956 an unusual neu- 
rological disorder affected inhabitants of 
fishing villages near Minamata Bay, Kyu- 
shu, Japan. The epidemiological, clinical, 
and other aspects of the outbreak, as origi- 
nally published in Japanese by the staff of 
Kumamoto University, are briefly summar- 
ized. 

Characteristically, Minamata disease af- 
fects the peripheral nervous system, the 
cerebellum, hearing, and vision. In severe 
cases encephalopathy may be followed by 
signs suggesting progressive brain damage. 

The main histological finding is wide- 
spread neuronal degeneration, particularly 
in the granular layer of the cerebellum and 
in the cortex. 

The sequelae of the disease, as observed 
in 22 cases, are described. 

Etiology is briefly discussed, with special 
reference to a deficiency factor or a toxic 
agent. 
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that 
Minamata disease is due to the toxic action 
of a chemical compound contained in the 
effluent which flows into Minamata Bay 
from a nearby fertilizer factory. 


Circumstantial evidence suggests 


In acquainting ourselves with the background 
of Minamata we were greatly helped 
by those who had undertaken the original investi- 
gations ; we wish also to thank Prof. Y. Kawamori, 
Assist. Prof. H. Tokuomi, and Prof. S. Nagano 
for the opportunity of examining patients under 
Prof. T. 
pathological sections, from which Figure 1 was 


disease, 


their care. Takeuchi generously gave us 
taken, Our visits to Minamata were made possible 
through the kindly cooperation of Prof. R. Miya- 
R. M. Innes 


for drawing our attention to the work of Jubb 


gawa. We are also grateful to Dr. J. 


and his colleagues. 


Middlesex Hospital Medical School, 40 Hanson 
St., London W. 1. 
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Editorial 


Compensatory Mechanisms in Occlusive Vascular 


Disease of the Brain 


The Anatomical Basis 


It seems reasonable to assume that after occlusion of one of the major blood 
vessels of the brain adequate compensatory or collateral circulation must develop 
in order to confine the resulting brain softening within minimal limits, as well as 
to provide adequate channels for recovery of the brain tissue. As in the case of 
other forms of cerebral vascular disease, there are many unresolved issues which 
confront the clinician after thrombosis or embolism of a brain vessei. Chief 
among these is the problem of the anatomical basis by which compensatory 
circulation is provided, once a vessel has been closed by thrombosis, embolism, 
or atheromatous degeneration. 


Anatomy of the Circle of Willis 


Though anatomical studies of the configuration of the circle of Willis are 
available, clinical neurology appears to have had difficulty in making fruitful use of 
them. It has been known for some time that anomalies of the circle are common, 
but for the most part this fact has been tucked away as an interesting anatomical 
observation without clinical importance. It is difficult to escape the conclusion 
that anomalies play a significant role in the compensatory circulation following 
vascular occlusion and that, apart from the factor of disease of the vessels, 
collateral circulation within the circle itself should be more efficient in a normal 
than in an abnormal circle of Willis. All available investigations indicate that in 
only about 50% of cases is there a true, normal circle. In a recent study of 350 
dissections of the circle of Willis in normal brains, a normal circle was found in 
only 52.3% (Alpers, Berry, and Paddison '). 

The vertebral-carotid relationship is maintained for the most part in the circle 
of Willis. A complete separation of the two segments of the cerebral circulation 
due to absence of both posterior communicating arteries has been reported only 
rarely. In similar fashion, the connection between the two sides of the cerebral 
circulation through the anterior communicating artery is rarely lost. It seems 
quite apparent, therefore, that insofar as the side-to-side and anterior-posterior 
connections of the circle of Willis are concerned, there is a large factor of safety. 

On the other hand, anomalies are frequently present which may have clinical 
meaning. More of these involve the posterior part of the circle, particularly the 
posterior communicating arteries, where string-like vessels with narrowed lumens 
are common (26%) on one or both sides. Despite the narrowed channels seen 
in the anomalous string-like vessels, there is no decisive evidence that the verte- 
bral-carotid circulation is embarrassed under normal circumstances. Or, it is safe 
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to say that there appear to be no recognizable clinical symptoms which result 
from narrowed posterior communicating channels. If, on the other hand, occlusion 
develops in either the internal carotid or the vertebral circulation, a string-like 
posterior communicating artery may interfere with compensatory circulation from 
either of the segments of the circle of Willis, particularly if the posterior com- 
municating artery is further narrowed by atheromatous changes. Evidence 
appears to be accumulating which indicates that with the development of ather- 
omatous disease and changes in pressure relationships between the vertebral and 
the carotid segment of the circle of Willis, each of these becomes quite dependent 
on blood supply from the other. What develops in the brain after internal carotid 
artery occlusion may be greatly affected by the condition of the vertebral-basilar 
segment, and both segments, in turn, are dependent on the condition of the pos- 
terior communicating artery. This holds true for the development of compensa- 
tory circulation within the circle of Willis itself. 

Under some circumstances the posterior communicating artery may be absent 
on one side, the artery of the other side remaining normal or being string-like. 
It is easy to visualize in a condition such as this the importance of establishing 
compensatory circulation through the other side, where the posterior communi- 
cating artery is still present, or by means of extracranial channels on the side 
of the absent artery, in the case of occlusion either in the carotid or in the 
vertebral segment of the circle of Willis. That such compensation may become 
established if there are good side-to-side connections by means of the anterior 
communicating artery is easy to imagine, but this may be impaired or lost in 
the presence of disease of this artery. On the whole, there is a large factor of 
safety by means of duplicate and triplicate anterior communicating arteries, but 
this vessel is as often single as it is multiple, and narrowing or occlusion of its 
lumen may seriously interfere with side-to-side compensation, which is vital in 
the presence of an absent posterior communicating artery of one side. 

What role is played by multiple anomalies of the circle of Willis is difficult 
to evaluate. These are very common and involve many patterns. One of the 
commonest, to cite a single example, consists of a string-like posterior commu- 
nicating artery, or one preserving the embryonic derivation of the posterior 
cerebral from the internal carotid artery, and duplicated anterior cerebral vessels. 
It is only possible to reflect that multiple anomalies must play fully as significant 
a role in compensatory brain circulation as do single ones. 

One of the common anomalies of the circle of Willis is that of emergence 
of the posterior cerebral from the internal carotid artery (15%), readily seen 
by arteriography. With development of occlusion of the internal carotid artery 
in the neck or within the skull below the junction of the two vessels, it can 
readily be seen that an embryonic posterior cerebral artery could serve as an 
important means of supplying compensatory circulation from the vertebral-basilar 
segment of the circle of Willis. In middle cerebral artery occlusion it has been 
possible by arteriography to observe dilatation of an embryonic posterior cerebral 
artery, as a means of collateral circulation. 

The conclusion seems inescapable that anatomical variations in the circle of 
Willis are important in occlusive vascular disease for the establishment of com- 
pensatory blood flow through the circle itself. Unfortunately, there is no means 
of predicting or demonstrating in life the configuration of the circle. 
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The problem naturally arises whether there is a relationship between the 
incidence of brain softenings and anomalies of the circle of Willis. In a study 
of 194 brains with softenings (Berry and Alpers*) a normal circle was found in 
only one-third of the specimens, as compared with 52% in normal brains. In 
this same series, absence of vessels was found in 1.5% (normal 0.6%); string- 
like vessels were observed in 43% (normal, 26%), and duplicated vessels, in 19% 
(normal, 17%). In hemorrhage no change from normal was found. Brain soften- 
ing due to vascular occlusion appears to be more frequent in the presence of 
anomalies of the circle of Willis, especially of string-like posterior communicating 
arteries. 


Compensatory Mechanisms in Vascular Occlusion 


Indirect evidence of the role of compensatory circulation is readily seen after 
occlusion of one of the major blood vessels of the brain. The brain may react 
to such an occlusion by no softening, minimal softening, or breakdown of tissue 
of varying extent. Pathological studies reveal that this is true in the case of inter- 
nal-carotid and basilar-artery occlusions. When frank softening develops after oc- 
clusion of the internal carotid artery, it maximal extent is found in the middle 
cerebral artery distribution, the anterior cerebral escaping in most instances 
(Berry and Alpers*). In other instances of internal carotid artery occlusion, 
when enough time has elapsed for complete breakdown of tissue, there may be 
no softening whatever, incomplete softening, or small areas of breakdown of 
tissue of varying extent. The basis for these variations, in the case of occlusion 
of any vessel, is in part anatomical, and is dependent on the efficacy and extent 
of the compensatory circulation. 

The available compensatory channels after vascular occlusion have been 
studied largely by means of arteriography. Though this method has_ short- 
comings, it at least provides information, necessarily incomplete, regarding col- 
laterals in the living subject. In the case of internal carotid artery occlusions 
compensatory blood flow is established by the following channels: 

1. Through the circle of Willis, from the opposite internal carotid artery 

Through the external carotid artery of the side of occlusion by its various branches 

into the ophthalmic artery 

From the vertebral system through the circle of Willis 

Through the external carotid artery into the vertebral system 

Through the ipsilateral anterior and middle cerebral arteries 
The channels of collateral blood flow for other vessels remain to be determined, 
and it is probable that other channels exist for carotid occlusions. It is quite 
probable that a study of a large series of occlusions would demonstrate that 
there are patterns of compensation, but that the development of compensatory 
circulation is an individual one, dependent on many systemic factors. The role 
of meningeal anastomoses in the development and containment of softenings is 
not yet clear (vander Eecken, Fisher, and Adams *). It remains to be determined 
whether blood may be sent in significant degree through meningeal anastomoses, 
from one area of supply to another. 


The Problem of Thrombosis 


The opinion has gained ground that thrombosis as a cause of brain softening 
is rare or uncommon, and that it cannot usually be found at autopsy. From this 
has developed the concept of infarction without evidence of occlusion, and the 
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belief that necrosis or softening of brain tissue may result if vascular insufficiency 
is maintained for a sufficiently long period. In a study of 354 pathological 
specimens with softening, thrombosis involving one of the larger cerebral vessels 
was found in 75%, where the clinical diagnosis indicated its probable presence 
and the vascular tree was carefully investigated for such occlusion (Berry and 
Alpers *). It is clear from this study that thrombosis is not rare and that, when 
sought for in proper cases, it is usually found. The crucial group is composed 
of the 25% in which no thrombosis is found. It remains to be determined 
whether thromboses can be found in such instances. In the case of softenings 
involving small, deep-penetrating vessels, failure to demonstrate thrombosis 
cannot be regarded as conclusive without serial-section study of the affected 
areas. Irom an anatomical standpoint it is difficult to see how actual breakdown 
of tissue, resulting in frank softening, can develop without occlusion of a blood 
vessel, 
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The Neurology of Motivation 


ROLAND P. MACKAY, M.D., Chicago 


The Nature of Motivation 


“Behavior,” as defined in Webster’s, is the 
“mode of conducting oneself,” and, as the 
word “oneself” denotes, includes activities of 
the total organism in relation to its environ- 
ment. Now to constitute 
behavior, must be characteristically purpose- 
ful, goal-directed, or “motivated.” To walk 
is not to behave, but to walk to a political 
meeting and to take a position on the issues 


these activities, 


is to behave. The purpose or goal determines 
the quality of the behavior. To shoot a 
gun, again, is not to behave, but to shoot 
a gun in war and to shoot it in murder, 
although quite the same in motor mecha- 
nism, are nevertheless vastly different kinds 
of behavior. I think we may agree that 
any biological science of behavior must 
therefore consider goals or motivation as 
the unique hallmark of behavior. 

For centuries the philosophy of science 
has been deterministic and has had no place 
for motivation. The 
ence, particularly of human medicine, have 
resulted almost exclusively from our ad- 


achievements of sci- 


herence to determinism. We reason today 
from cause to effect, and it is not our habit 
any longer to consider “purpose” as a cause. 
Yet we recall that Aristotle, the first scien- 
tist, and one of the greatest, included 
“purpose” as an effective cause. For him 
it was the “nature” of an object, whether 
living or not, to develop toward an end 
which immanent from the first and 
determined the object’s changes.! This tele- 
ology—the thought that events happen in 
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order to reach a goal implicit from the 
first—we eschew today in scientific discus- 
sion, but resort to incorrigibly in daily 
thought and speech—e.g., the kidney op- 
erates in order to excrete urine; leukocy- 
tosis occurs to combat infection; the 
sunflower turns to the sun to receive more 
light. Even in the hospital ward and clinic, 
it is often said that the neurotic is motivated 
by hope of some gain. This teleological 
habit of thought is the central core of 
theology, which begins with God’s purpose, 
and which is still powerful in society today. 
Modern dynamic psychology, in its attempt 
to found a “science” of behavior on pur- 
pose, returns to the teleology of Aristotle, 
and actually reifies or objectivizes our sense 
of free will, which it elaborates into id, 
ego, and superego, as the effective causative 
force in behavior. This sense of free will 
is the inescapable and immediate 
quality of subjective experience, no matter 
how solemnly we may, on scientific prin- 
ciples, rationalize it out of existence. 


most 


The biological psychiatrist especially is 
a split personality, On the one hand, his 
deterministic concept of behavior as_ the 
resultant of genetic and environmental fac- 
tors operating through the nervous system 
distinguishes him from the “dynamic” psy- 
chiatrist. He refuses to consider modern 
indeterminacy, as conceived by Eddington 
and the atomic physicists,? as a breach it 
the wall of rigid determinism. But as a 
citizen in his private doings, he consults 
his own desires, seeks his own goals, and 
exercises his own choices with a full and 
conscious sense of “free will.” He never 
allows his theoretical determinism to inter- 
fere with his personal freedom in his choice 
of a cigarette or of a wife. This division 
of his mind into two watertight compart- 
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ments is as obvious as that of a hysterical 
patient, and the apparent mutual incon- 
sistency of his two attitudes scarcely strikes 
him as needing resolution. 

Let us not underestimate the sense of 
free will. Human beings refuse to give it 
up: It is too immanently present in every 
one of us, who feels that he can sit down 
or stand up, as he chooses. It is funda- 
mental to each man’s sense of personal 
responsibility (how be responsible with- 
out autonomy’), of aspiration (how strive 
for excellence without unfettered choice of 
one’s acts?), of personal dignity (how pre- 
serve one’s self-esteem without the pride 
Without 


doubt, freedom of choice is the most preci- 


of chosen principles of life?). 


ous and subjectively indispensable ingredi- 
ent of human individuality. Must we, to 
be consistent, abandon these prerogatives in 
favor of our cherished scientific determi- 
nism? This dilemma is the central problem 
of the dynamics of human behavior. If the 
nervous system is, as it seems to be, the 
organ of behavior, and the most character- 
istic element in behavior is its motivation, 
what then of the neurology of motivation? 

It remained for Charles Darwin to devise 
the concept of the surival of the fit—a 
concept extending to “traits” beneficial in 
the struggle with the environment, thus 
avoiding the appeal to “purpose.” For ex- 
ample, the flamingo has long legs and neck 
not “in order” to get food from shallow 
lakes but “because” these features, occur- 
ring, as it were, accidentally, aided him in 
surviving. Thus, the cause precedes, and 
does not follow, its effect. So we think 
that leukocytosis occurs because it is in- 
duced by infection through chemical or 
enzymatic action, a process which exists be- 
cause organisms without it have perished. 
We cannot doubt that human behavior, with 
its overtones of subjective motivation, has 
likewise promoted the survival of the race 
and obeys the same biological laws. It seems 
wise, therefore, to see whether human moti- 
vation can be understood in familiar de- 
terministic or neurologic terms. If the 
nervous system, together with its chemical 
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and humoral adjuvants, is the organ of 
behavior, it must be the organ of moti- 
vation. 

Now a characteristic quality of behavior 
is that it is dynamized (or driven) by 


affect, which is the organism’s subjective 


evaluation of, and attitude toward, a situa- 
tion. Subjectively, affect is a broad spec- 
trum of attitude, from the subtle nuances 
of preference to the extremities of passion. 
Whatever I feel about things experienced 
is my affect. When Adam or I see an apple, 
it is our affective attitude which “induces” 
us to eat it or not. Likewise, whatever I 
feel about things imagined is my affect. 
When I imagine your approval of this 
paper, it is my affective attitude which in- 
duces me to write it. (Of course, I might 
have imagined your disapproval, and so 
been induced not to write it. | take a chance 
here!) Thus, my motivation in eating the 
apple, or in writing this paper, or in doing 
anything else, is affective. Unfortunately, 
there is no neurophysiological term  cor- 
responding exactly to subjective affect. The 
role of affect in behavior certainly includes 
both the visceral response and the activa- 
tion and direction of the extrinsic motor 
response. The term behavioral drive, includ- 
ing both visceral and extrinsic elements, 
might be used for the neurophysiological 
processes corresponding to subjective af- 
fect, but we shall need to remember that, 
like affect, behavioral drive may be positive 
or negative. Motivation, then, is affect, and 
affect is behavioral drive, positive or nega- 
tive. 

Biologically considered, the beginnings of 
animal behavior appear to be driven’ by 
certain primal needs—food, safety, and 
sex. There is no difficulty in understanding 
how these needs activate appropriate drives, 
established by natural selection and ex- 
pressed through preformed or inherited 
neural patterns of reaction. As the organ- 
ism gains experience in its contacts with 
the environment, the original drives remain 
unchanged but come to be evoked by more 
derivative needs and expressed through 
more and more complicated patterns with 
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the process of conditioning.* The organism 
learns to accept originally neutral stimuli 
as now significant in the search for food, 
safety, and sex. So the drives express 
themselves by means of ever more complex 
behavior, culminating in adult habits which, 
in the aggregate, constitute character. One 
may then picture the cat as “driven” by 
need to roam by night “in search of” its 
simple satisfactions, or the eager scientist 
as “driven” to toil by night by his need for 
more complex rewards. 

From the psychological viewpoint, such 
biological drives must be experienced as 
the affective desire for the satisfaction of 
the same primal needs: food, safety, and 
sex. Simple at first, such motivations be- 
come more complex with experience, and 
express themselves in more and more in- 
direct and tangential efforts toward gratifi- 
cation. They may be directed, for example, 
toward achievement or aggrandizement, and 
take their paths through numerous prepara- 


*It has been our conception that this process 


of conditioning, so important in the neurology of 
behavior, as in the psychology of learning, takes 
place in the cerebral cortex. However, most inter- 
esting recent electrographic physiological work by 
Hernandes-Pedén et condi- 
tioning to sounds may take place even in the coch- 


lear nucleus itself. Similarly, Yoshii, Pruvot, and 


al.* demonstrates that 


Gastaut * have shown that conditioning may occur 
also in the ascending reticular activating system. 
It begins to appear that the process of conditioning 
is possible at many levels of the nervous system, 
and that it is a property of the synapse and may 
sensitization of neuronal 
networks to coded signals. 


occur as a process of 


tory and anticipatory goals, such as the 
invention of tools, the passing of examina- 
tions, the learning of a science, or the 
practice of medicine. It is my suggestion, 
then, that affective desire or motivation is 
the subjective experience of a behavioral 
drive by an original or acquired biological 
need, which constitutes a stimulus to “qgoal- 
seeking” behavior. This may easily be seen 
in such simple formulae as those in Fig- 
ure 1, 

What an observer sees in another as a 
deterministic behavioral drive stimulated by 
need is experienced in himself as a moti- 
vation toward the satisfaction of the same 
need. The thus a 
stream of events which, viewed from with- 


processes of life are 
in, constitute subjective experience, with 
all its qualities of desire and freedom, but, 
seen from without, are a deterministic se- 
quence. Motivating thus 
the subjective experience of the determinis- 


desire becomes 
tic biological reaction, just as vision is the 
subjective experience of neuro-optical proc- 
esses. In this fashion, Aristotelian teleology 
becomes only the subjective aspect of a 
deterministic sequence as we understand 
the term. 

Certain normal variations in the physio- 
logical state alter the need which we have 
hypothesized as the source of “motivation,” 
both quantitatively and qualitatively. For 
example, the normal hyperactivity of child- 
hood creates a need for large amounts of 
carbohydrate, a need leading to hunger and 


the “motivation” 


for eating sweets and 


psychologic desire - motivates 
tanger search for fuod 
physiologic drive - activates 


psychologic desire - motivates 
Sexual sexual behavior 
physiologic drive - activates 


psychologic desire for safety - motivates 
Fear flight 
physiologic drive for safety - activates 


Fig. 1- Physiology ot 
motivation. Psychological 
motivation and physio- 
logical drive are but dif- 
ferent aspects of the 


single process of  satis- 


fying a biological need 


psychologic desire for victory - motivates 
Rage fight 
physiologic drive for victory - activates 


Mackay 
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other food. Again, normal fatigue produces 
the need for rest and sleep; hence it “moti- 
vates” the search for these restoratives. 
Inevitably, conflicts arise which oppose 
one activation or drive against the other, 
thus offering the organism a “choice” of 
two courses. Physiological conflict between 
the need for rest and the drive to play 
may result in the familiar sight of the child 
striving bravely to with 
drooping eyelids. Hunger may activate to 


remain awake, 
a search for food, while danger activates 
to flight. Or a single situation of danger 
may activate alternatively to flight or fight. 
In such conflicts, the issue may be decided 
by the relative degrees of conflicting needs 
(there may be more need for food than 
for safety), or by the material circum- 
stances of the environment (the food may 
be unattractive and the danger great), or 
by the person’s habitual character structure 
(he may fight or flee, as his experience has 
taught him). The final action is the alge- 
braic sum of conflicting drives. In so-called 
complex personalities the conflicting needs 
and drives may be so numerous and _ vari- 
make the difficult to 
predict. Biological determinism 
needs no “free will” to explain such de- 


able as to resultant 


follow or 


cisions; yet the subject experiences, at the 
moment of decision, a sense of free will. 
As biologists, we cannot ignore the objec- 
tive variables which determine the decision, 
but we may not deny to the subject his 
keen sense of autonomy in making his 
decision. We can only observe that the 
sense of free will is correlated with and 
occurs simultaneously with the determinis- 
tic resolution of conflict. As motivation is 
the affect experienced when need drives to 
action, so free will is the more precise af- 
fect accompanying behavioral resolution of 
conflicting drives. It is as though the an- 
swer to the battle cry of free will, “I can 
do what I please!” may best be answered, 
“You can do nothing except what you 
please!” If we conclude that free will is 
but an illusion, we must nonetheless admit 
that it is an unfailing and immediate ex- 
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perience, of priceless value to us as men; 
indeed, a precious illusion (Masserman °). 

Well-known pathological conditions in 
medicine and neurology likewise influence 
“motivation.” The physiological need for 
sugar in the patient with diabetes mellitus 
“motivates” his desire for carbohydrates, 
while the similar need 
maintain 


for water which 
isotonicity determines his 
“motivation” for drinking. The patient with 
thyrotoxicosis needs a 


will 


cool environment 
and much food; the patient with cardiac 
decompensation needs air and rest, and 
One 
might continue with such illustrations at 
great length. [inally, the “need” may be 
much more complex than that for food 
or drink. The person with physical defects 
or conditioned psychological feelings of in- 
adequacy needs the satisfaction of physical 
or mental achievement and so is driven or 


these needs ‘‘motivate” his behavior. 


motivated to great effort, as a Byron swim- 
ming the Hellespont, or a Napoleon or a 
Hitler drenching the world in blood. 

We have seen that primitive or instinc- 
tive constitute uncondi- 
tioned stimuli, while secondarily acquired 


needs _ (desires ) 
needs are engrafted upon these as condi- 
tioned stimuli. Thus, mature behavior is 
determined in the adult nervous system by 
means of a complex system of neuronal and 
hormonal linkages resulting in sub- 
jectively “motivated” acts of the individual. 
Dell has admirably sketched these mecha- 
nisms by which the organism reacts, both 
internally and 


externally, to its many 


“needs.” ® Thus, behavior becomes the prod- 
uct of innumerable needs as stimuli, often 
in conflict or in cooperation with each other. 


Under the impact of environmental stimuli, 
these needs set the “goals” for the person- 
ality, and their organized drives constitute 
the character of the individual. 


Mechanisms of Motivation 
To understand the neurology of moti- 
vation, we shall need to study the ways 
in which inborn and acquired needs “drive” 
human behavior. Since we have seen that 
motivation is affective, we are concerned, 
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affect, 
rapidly en- 
named for 


therefore, with the neurology of 
about which our knowledge is 
larging. “The Papez circuit,” 
the late neuroanatomist whose 
proposed in 1937,7 has been so signally 
confirmed by subsequent work, was the 


hypothesis, 


beginning of our understanding of the im- 
portance of brain in affect 
(Fig. 2). 


the visceral 

Electrography in the intact animal has 
shown that neural impulses arising from 
sensory stimulation through all modalities 
find their way to the hippocampus.’ Thence 
they pass through the fornix to the mam- 
millary bodies, and then on by way of the 
mammillothalamic bundle to the thalamus, 
and, finally, to the cingulate gyrus and, 
presumably by transcortical pathways, to 
other cortical areas and back to the thala- 
mus. From the mammillary bodies and 
probably also from the thalamus itself, as 
well as from the ascending reticular acti- 
vating system, the hypothalamus is stimu- 
lated, and so, as the head ganglion of the 
the 
visceral accompaniments of behavior. These 
exceedingly simple circuits are no doubt 
supplemented and elaborated by other path- 
ways. The important fact is that much 
clinical, pharmacologic, and experimental 
evidence (to be discussed in part below) 
indicates that this so-called visceral brain 


autonomic nervous system, leads to 


A lackay 


Fig. 2.—Visceral brain. 
Explanation in text. Af- 
ferent impulses of all 
modalities reach the 
0G hippocampus, where af- 
fect (behavioral drive) is 
added. HYP is hypothal- 
amus, directly behind 
which are mammillary 
bodies, the anterior tha- 
lamic nuclei lying just 
above. Reproduced from 
article by Paul D. Mac- 
Lean entitled “Psycho- 
somatic Disease and the 
‘Visceral Brain,” pub- 
lished in Psychosomatic 
Medicine (11:338, 1949), 
by permission of the 
publisher, Paul B. 
Hoeber, Inc. (Medical 
300k Department of 
Harper & Brothers). 


is the chief central arena for the neurology 
of affect, or, as we have called it, behavioral 
drive. 
the 
physiological correlates. 


It must be, then, the scene where 
processes of motivation have their 

Much experimental work demonstrates 
how important in affect, and therefore in 
behavior, the various anatomical structures 
in the visceral brain are. One cannot even 
summarize this work here; such summaries 
jut one 
may mention the classical observations of 


are available in the literature.® 
Kluver and Bucy® on monkeys subjected 
to bilateral temporal lobectomy which re- 
moved the amygdala and much of the 
hippocampus, thus breaking the Papez cir- 
cuit in its most important segments. Affect 
was almost abolished in such animals, to 
the extend that they could evaluate nothing 
except by taste. Again, stimulations and 
destructive lesions of the cingulate gy- 
of the and septal 
regions,’* of the periaqueductal gray mat- 
and of the amygdala! produced 
great changes in 


prechiasmal 


affect—diminished or 
abolished it—with tremendous changes in 
behavior. The ascending reticular activat- 
ing system, outlined by Magoun and asso- 
ciates,'® carries out what is surely the 
primary affective response, that of alertness. 
A vast amount of work on the hypothala- 
mus has shown how dominant it is in the 
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NEUROLOGY OF AFFECT 


Exteroception 
SENSORIUM 


(Circumstances) 


Interoception 


(Needs) 


Ascending Reticular Activating System 


VISCERAL BRAIN 


Extrinsic Behavior. 
PP PECTORS 


Motor Response 


Fig. 3. 


Behavioral drive 


Hippocampus. 


(Affect) 


Hypothalamus 


Intrinsic Behavior. 


Visceral Response 


Diagram illustrating that both exteroceptive and interoceptive stimuli play upon 


the reticular activating system and visceral brain to produce extrinsic and intrinsic responses, 


feedbacks 


with reciprocal control by 


“alarm reaction”; the mechanisms of rage, 
hunger, sexual desire and feeling, and the 
activities of vasomotor control and sweat- 
ing that characterize these states. 

We may attempt to construct, as simply 
as possible, a scheme to illustrate the bare 
skeleton of the neurology of behavior. In 
Figure 3 are illustrated some of the forego- 
ing points. Diological needs (interoception, 


e.g., hunger) act through the activating 
system and hippocampus and stim- 
ulate behavioral drive (affect), which, 


through the neocortex, results in extrinsic 


behavior, such as the taking of food, and 
through the hypothalamus, in visceral tre- 
sponse. Unconditional responses, such as 
this, lead to conditioned responses via ex- 
troception, so that the sight of food in the 
presence of hunger may lead again through 
the activating system and hippocampus to 


taking food as the extrinsic response, and 
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to the appropriate intrinsic, visceral re- 
Many 


such as that whereby satisfaction lessens 


sponse. feedbacks are possible, 
the need, reduces the behavioral drive (af- 
fect), 


interrelationships cannot be illustrated in so 


and so ends the response. Many 


Figure 3 illustrates the 
information 


simple a diagram. 
that no from the 


sorium results in behavior without partici- 


idea sen- 
pation of affect or behavioral drive, as 
mediated through the visceral brain. With- 
out pausing to discuss further these well- 
known mechanisms, hasten to 
facts which illus- 
trate the operation of these mechanisms 


mention a few clinical 


in the neurology of affect. 


Clinical Applications 
Pharmacology and Motivation.—With the 
introduction of the so-called tranquilizing 
drugs, a new era of psychopharmacology 
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has begun. Not only do these drugs have 
a practical, clinical use, but they also pro- 
vide a tool for the investigation of the 
functions of the areas of the brain which 
they particularly influence. They appear to 
influence chiefly the hypothalamus and the 
autonomic mediation of visceral accompani- 
The familiar 
tranquilizing drugs, reserpine chlor- 


ments of affect. two most 
promazine, both reduce the intensity of 
emotional states with relatively less im- 
pairment of intellectual functions than is 
observed in the case of the barbiturates, 
bromides, ete. As one would expect from 
these clinical effects, electrographic studies, 
as summarized by Himwich,'* demonstrate 
that reserpine depresses the action of the 
posterior portion of the hypothalamus, thus 
reducing sympathetic activity (lowered heart 
rate and blood pressure, constriction of the 
pupils, increased intestinal motility). Chlor- 
promazine does nearly the same, but it 
also inhibits the sympathetic nervous sys- 
tem peripherally, and the parasympathetic 
system as well, so that it may cause the 
heart rate to increase. Both drugs stimu- 
late the amygdala, the effect of which is 
to lessen the intensity of affect. Mepro- 
bamate, also a tranquilizer, evidently does 
not act on the amygdala, but seems to act 
on other parts of the rhinencephalon. Re- 
serpine and chlorpromazine also depress 
the ascending reticular activating formation, 
as may be shown in electrograms taken 
that 


those drugs. The emotional depression of- 


from structure in animals receiving 
ten seen when reserpine is used to reduce 
arterial hypertension is of more than pass- 
ing interest. 

Perhaps the most widely used of all 
drugs affecting human behavior is alcohol, 
and in this case the effect varies from one 
person to another but is in general the 
opposite of a tranquilizer. The effects of 
alcohol on the visceral brain have not been 
clearly defined, but its clinical effects in 
large doses suggest that it is a disinhibitor 
to the emotional circuits and a depressor of 
the 


Mackay 


reticular formation. Amphetamine in 


the experimental animal stimulates the as- 
cending reticular formation and the cere- 
bral cortex, as recorded electrographically, 
thus acting sympathicomimetically, while it 
alerts and produces euphoria in the human 
subject. 
Disease and Motivation —It would be 
most interesting to consider one neurologic 
disease after another, and, in the light of 
the neural mechanisms involved in behavior, 
to attempt to explain the effects of the 
We shall 


only a select few, devoting our thought 


disease on motivation. mention 
only to those which alter behavior qualita- 
tively, i.e., in its motivation, in its affectively 
It will be recalled from 
what has been said above that motivation, 


established values. 


as affective attitude, is correlated with a 
complex balance of many drives, which in 
the aggregate constitute the person’s char- 
acter. Now, disease of the brain may alter 
this subtle that 
altered. 


balance, so character is 


General paresis (dementia paralytica) 
notoriously changes the patient’s person- 
ality, and the earliest psychiatric signs of 
this disease may be this subtle change in 
affect—from the meticulous to the slovenly, 
from the compliant to the aggressive, from 
the the The 


pathological changes in general paresis are 


economical to extravagant. 
found in all parts of the brain, but pre- 
dominantly in the frontal and temporal 
lobes, where the destructive processes not 
only reduce the intellectual precision of the 
patient but upset the affective balance which 
previously set the values and goals of the 
personality. If we knew enough of the 
original mechanisms present before disease 
and had the patience to decipher under the 
microscope the pattern of disorder imposed 
by disease, we should be able to explain 
the psychotic behavior of the paretic in 
neurophysiological terms. 
Frontal lobotomy is a much simpler in- 
sult to the brain, and produces changes in 
the personality which are rather well known 
and can be explained in terms of the sys- 
tems destroyed. The chief effect of frontal 
lobotomy is the blunting of affective re- 
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actions and, in particular, motivation. This 
appears to be due to the interruption of 
the pathways between frontal cortex and 
thalamus. The connections of the cingulate 
gyrus and the septal regions must be im- 
portant here. 

The derangements of personality seen 
in temporal epilepsy must be our last ex- 
ample. The lesions responsible for this re- 
markable disorder are most frequently 
found in the anterior and medial aspects 
of the temporal lobe, that is, in the region 
of the amygdala, uncus, hippocampal gyrus, 
and hippocampus. The seizures include 
strange affective states, often a feeling of 
familiarity (déja vu), bits of inappropriate 
behavior, which, as though they were a sort 
of motor hallucination, seem to arise from 
somewhere within the organism. [Further- 
more, the patients often exhibit a strange 
disorder of personality between seizures— 
unpredictable, unreliable, inconstant, and 
explosive reactions, with great alterations 
in affect and motivation. The hallucinatory 
states so often observed in these attacks, 
not only olfactory but also auditory or vis- 
ual, may in themselves produce gross aber- 
rations of behavior. It seems obvious that 
the pathological disorder in this portion 
of the visceral brain or in its environs 
not only produces the seizures but so dis- 
turbs the patient’s affect (behavioral drive) 
as to modify his total behavior both epi- 
sodically and between the episodes. Again, 
stimulation of the temporal lobes in these 
patients produces affective states, hallucina- 
tions, and a feeling of familiarity or “remi- 
niscence,”” suggesting that these areas are 
important in memory. Finally, the drugs 
chlorpromazine reserpine, discussed 
above, which alter affect by action on the 
hypothalamus, may, in excess, produce con- 
vulsions. All these observations add to the 
evidence that these structures play a lead- 
ing part in the affective dynamics, and hence 
in the motivation, of behavior. 


Summary 


An analysis of the neurology of motiva- 
tion involves us at once in the problem of 
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human free will in a deterministic science. 
In view of the indispensable value of the 
sense of free will to the human personality, 
this dilemma is inescapable. 

It is considered that motivation is identi- 
cal with affect or desire, positive or nega- 
tive, and is the subjective correlate of 
neuronal activity under the biological drive 
of original and acquired needs. These needs, 
at first primal and unconditioned, are elab- 
orated by the addition of derivative and 
conditioned needs under the impact of ex- 
perience. Thus, in a world of varying 
circumstances, conflicting needs lead to con- 
flicting drives toward alternative actions 
and offer the organism a “choice,” the 
resolution of which is accomplished when 
neuronal activity follows preponderant ha- 
bitual paths. 

“Free will” becomes the subjective expe- 
rience of the resolution of conflict between 
biological drives. Whenever conflicts of 
drive are resolved, the sense of free will 
will reward the subject. This sense of free 
will, the inevitable accompaniment of the 
resolution of behavioral conflict, in no way 
contravenes deterministic causality in be- 
havior, but constitutes a precious subjective 
value for the individual. 

The neurologic mechanisms whose ac- 
tivity is associated with motivation or af- 
fect are largely found in the so-called 
visceral brain. Their activity is expressed 
through both visceral and extrinsic motor 
effectors. Hormonal and enzymatic effectors 
aid in the expression. 

Experimental work and clinical disease 
demonstrate the importance of these neuro- 
visceral mechanisms in behavioral drive, 
which is to say, in motivation. 


8 S. Michigan Ave. (3). 
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Some Properties of Brain Copper-Proteins in 


Hepatolenticular Degeneration 


HUNTINGTON PORTER, M.D., Boston 


This paper describes some properties of 


copper-protein combinations present — in 
brains of patients with hepatolenticular de- 
generation and with the 


properties of both naturally occurring and 


compares them 
artificially created combinations of copper 
with proteins from normal human brain. 
Hepatolenticular degeneration is charac- 
terized by a number of manifestations of 
abnormal copper metabolism.' In particular, 
the marked increase in brain copper con- 
tent ?* and the improvement in neurological 
symptoms in some cases following admin- 
istration of dimereaprol U. S. P. (BAL)*!™ 
suggest that the accumulation of copper in 
the brain may be the primary factor in the 
production of the central nervous system 
dysfunction. This concept of the pathogene- 
sis of the disease, together with evidence 
that copper is also essential for normal 
nervous tissue function,’’ has prompted us 
to investigate the types of organic combina- 
tion in which copper is present in brains 
from cases of hepatolenticular degeneration 
and in normal brain. Three different copper 
containing fractions have been separated 
under copper-free conditions from both 


normal brain and brains from cases. of 


hepatolenticular degeneration.’? In the lat- 
ter, more than two-thirds of the pathological 
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which is 
obtained by extraction of the fresh tissue 
with acetate buffer pH 4.5 or with water 
or with bicarbonate buffer pH 8.2. This 
copper was quantitatively undialyzable at 
pH 8.2 and is presumably bound to pro- 


copper was found in Fraction I, 


teins. Cerebrocuprein I, an essentially homo- 
0.3% 
copper, has been isolated both from bovine 


geneous brain protein containing 
Fraction | and from normal human brain," 
and shown to bind its copper in a form 
which does not react directly with sodium 
diethyldithiocarbamate.!® 

Some of the characteristics of copper-pro- 
tein combinations from brains of cases of 
hepatolenticular degeneration have been dis- 
cussed in a preliminary report.'® The results 
described in more detail here, on the basis 
of additional pathological material, include 
observations on (1) the effect of pH on 
the dialyzability of Fraction I copper, (2) 
the capacity of Fraction I brain proteins to 
bind extraneous copper, (3) the capacity 


ot Fraction | copper to react directly with 


sodium diethyldithiocarbamate, and (4) 
electrophoretic mobility. 
Methods and Material 
Precautions to avoid contamination with ex- 


traneous copper, the general conditions — of 
fractionation procedures, criteria for selection of 
normal human brains for fractionation, the 
technique of preparative paper electrophoresis on 
Whatman No. 3MM paper, and the methods used 
for tissue homogenization, for copper analyses, and 
for determination of direct-reacting copper were 
all identical with those 
work.'*"* 
ried out in cold rooms, either at about 4 C, during 


manipulation of 


employed previous 


All fractionation procedures were car- 
about 


aqueous solutions, or at 


13. C, during manipulation of aqueous-organic 
solvent mixtures. 


The pH of all buffer solutions 


ee 
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i 
} 
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was measured on a Beckman Model H-2 pH meter. 
All paper electrophoreses were run in copper-free 
barbital buffer pH 8.6, ionic strength 0.1, at 250 
volts for 16 hours at 4 C. Paper strips were 
stained for protein with napht’iol blue black. The 
Teflon plugs used to support the filter paper while 
eluting after preparative paper elec- 
trophoresis had a screw-threaded central opening, 
into which a threaded nylon rod could be inserted 
to permit easy removal of the plug from the conical 
centrifuge tube without contact with metal. 


protein 


Fraction | was prepared from whole brain both 
as pH 45 acetate buffer extracts of the tissue and 
as water or pH 8&2 bicarbonate buffer extracts of 
techniques previously de- 


the tissue, using the 


scribed.? Four milliliters of buffer or water per 
gram of frozen tissue was used for all extractions. 
In order to obtain clear water or pH 8&2 buffer 
extracts, high speed centrifugation was necessary, 
and these extracts were centrifuged at 44,000 g¢ in 
a Spinco Model L preparative ultracentrifuge. Free 
copper was removed from the metal centrifuge tube 
caps used in this apparatus by soaking in 0.5% 
sodium diethyldithiocarbamate solution, followed by 
exhaustive rinsing with methyl alcohol, and then 
with redistilled water. 

The brains from Cases A and B of hepatolen- 
described previously,* had 


ticular degeneration, 


been stored at —15 C for about one month prior 
to the dialysis experiments and for about two years 
as frozen whole brain (Case A) or as lyophilized, 
dialyzed bicarbonate buffer extract (Case B) prior 
to the direct-reaction and electrophoresis experi- 
Material Cases C* and Df 


frozen immediately after autopsy, and processing 


ments. from was 
was begun within 72 hours of death in Case C and 
Case D. 


advanced 


Patient 
of the 
disease, with well-marked Kayser-Fleischer rings, 


within one month of death in 


C, aged 19, was in an stage 
and had been completely disabled by neurological 
deficit for two and one-half years. Patient D, aged 
11 vears at the time of death, from massive gastro- 
intestinal hemorrhage, was in an early stage of the 
disease, with Kayser-Fleischer rings noted only on 
minimal 
Both 


plasma 


slit-lamp examination and = with only 
abnormalities on neurological examination 
Cases C and D 


ceruloplasmin values, as judged by the levels of 


showed markedly low 


indirect-reacting plasma copper found, which 
amounted to 48.2ug. % in Case C and to less than 
10ug. % in Case D, as compared with a normal 
average of ll2ug. %. 

* Made available through the 
Kenneth Keill. 

+ Made available through the 


H. E. MacMahon. 


courtesy 


courtesy 


Porter 


Results 


The total copper content of whole brain 
was 46.9ug. per gram of fresh tissue in 
Case C and 27.3ug. per gram of fresh tis- 
sue in Case D, as compared with an average 


of 4.1pg. per gram of fresh tissue in normal 
human brain. In agreement with the previ- 
ously reported findings in Cases A and B,™ 
more than two-thirds of the pathological 
copper in the brains from Cases C and D 
was extracted in Fraction I, and the amounts 
of copper obtained in Fraction | by extract- 
ing the fresh tissue with acetate buffer pH 
4.5 and with bicarbonate buffer pH 8.2 were 
similar, amounting, respectively, per gram 
of fresh tissue to 34.3ug. and 36.6ug. in 
Case C and 18.9ng. and 18.6ng. in Case D. 
In Case C 
by extracting the tissue with redistilled 
water, the copper content of 35.8ug. per 


Fraction | was prepared also 


gram of fresh tissue found in this extract 
being in good agreement with the values 
obtained with the buffer extractions. 

Effect of pH on Dialyzability of Fraction 
I! Copper—The effect of the pH on the 
dialyzability of Fraction I copper from 
brains of cases of hepatolenticular degen- 
eration was investigated in the following 
manner: Aliquots of pH 8.2 bicarbonate 
buffer extracts, water extracts, or pH 4.5 
acetate buffer extracts of the tissue, con- 
taining about 20ug. of original tissue cop- 
per, were each subjected to equilibrium 
dialysis against single 50-vol. portions of 
bicarbonate, acetate, or citrate buffers of 
ionic strength 0.1 for 72 hours, with fre- 
quent shaking during each day. The indi- 
vidual experiments carried out are indicated 
in Figure 1, which shows the amounts of 
copper bound at different pH’s expressed 
as percentages of the copper present in the 
original extract before dialysis. After dialy- 
sis, the pH of the external solutionst and 
the copper in the external, as well as in the 


t For technical reasons, it was considered in 
advisable to measure the pH of the internal solu- 
tions directly. With buffers of this ionic strength, 
the pH of the solution inside the bag may be as 


sumed to have equaled that of the external solution 
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Fig. 1—Effect of pH on the dialyzability of 


Fraction | copper from brains of cases of hepato- 
lenticular degeneration and from the normal human 
brain. 

In this Figure, solid black circles indicate nor- 
mal human brain: pH 8.2 extract dialyzed at pH 
8.2; pH 5.2 extract dialyzed at pH 5.2; pH 4.5 
extract dialyzed against water and then against 
buffers of pH 4.5 or below. Clear circles, clear 
squares, triangles, and circles with cross represent, 
respectively, four cases of hepatolenticular degen- 
eration. Clear circles represents Case A: pH 8&2 
extract dialyzed at pH 8.2; pH 4.5 extract dialyzed 
at pH 4.5. Squares represent Case B: pH 8.2 
extract dialyzed at pH 82; pH 8.2 extract dia- 
lyzed against water and then against buffers of 
lower pH; pH 4.5 extract dialyzed at pH 4.5. 
Triangles represent Case C: water extract dia- 
lyzed against buffers of lower pH. Circles with 
cross represent Case D: pH 8.2 extract dialyzed 
against water and then against buffers of lower 
pH; pH 4.5 extract dialyzed at pH 4.5 and below. 
All external buffers, ionic strength 0.1; at pH 8.2, 
sodium bicarbonate buffer; pH 7.0 to 3.5, sodium 
acetate buffers; pH below 3.5, citrate- NaOQH-HCl 
buffers. 


internal, solutions 


were measured, and 
the copper bound at each pH was calculated 
by subtracting the amount of copper in an 
equivalent volume of the external solution 
from the total copper inside the dialysis bag. 

In Iraction | from normal human brain, 
numerous experiments have established the 
essential absence of copper loss on dialysis 
at pH 4.5. In from the brains 
of all four cases of hepatolenticular de- 
generation thus far investigated, on the 
other hand, about 40° of the copper was 
lost on dialysis under similar conditions. As 
illustrated in Figure 1, in Fraction I from 
normal human brain, most of the loss of 
copper on dialysis occurred in a steep de- 
cline in the proportion of retained copper 
at pH’s between 4.0 and 3.0. In Fraction 
I from the brains of cases of hepatolentic- 


Fraction | 


102/546 


A. M. A. ARCHIVES OF NEUROLOGY 


ular degeneration, in contrast, there was a 
much more gradual loss of copper over a 
much wider pH range. 

Capacity of Fraction I Brain Proteins to 
Bind Extraneous Copper—In measuring 
the capacity of Fraction | brain proteins 
to bind extraneous copper during dialy- 
sis against copper-containing solutions, it 
seemed desirable to keep the copper con- 
centration in solutions at a 
level not exceeding the total copper con- 
centration of normal plasma. All dialyses 
were therefore carried out against external 


the external 


solutions containing lug. of copper per mil- 
liliter as CuSO, added to sodium acetate 
buffer pH 7.2, ionic strength 0.1. Aliquots 
of pH 8.2 bicarbonate buffer extracts, cor- 
responding to about 1 gm. of fresh tissue, 
were dialyzed against 50 vol. of redistilled 
water for-24 hours and then dialyzed for 
72 hours against single portions of the cop- 
per-containing sodium acetate solution, the 
volume of which was so adjusted that the 
total amount of copper in the external so- 
lution equaled approximately 50ug. per 
gram of fresh tissue represented inside the 
dialysis bag. After dialysis, the copper in 
the external and in the internal solutions 
was measured, and the extraneous copper 
bound was calculated as the total copper 
inside the dialysis bag minus the sum of 
the original tissue copper plus the amount 
of copper in an equivalent volume of the 
external solution. 

Under these conditions, Fraction | pro- 
teins from three different normal human 
brains bound 17.3ug., 31.7ug., and 34.5yg. 
of extraneous copper per gram of fresh 
tissue. Cases A, C, and D of hepatolenticular 
degeneration bound, respectively, 16.9ug., 
and 25.2ng. of extraneous copper 
per gram of fresh tissue. In Case D dialysis 
was also carried out against volumes of 
copper-containing sodium acetate solution 
corresponding to 350ug. of external copper 
per gram of fresh tissue. The extraneous 
copper bound was 124g. per gram of fresh 
tissue, as compared with 135yg. per gram 
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of fresh tissue bound by material from 
normal human brain under the same con- 
ditions. [Fraction proteins from both 
normal human brain and brains of cases 
of hepatolenticular degeneration are thus 
capable of binding extraneous copper to 
reach copper concentrations up to 50 times 
those present in Fraction I in normal hu- 
man brain. In no instance did the amount 
of extraneous copper bound by Fraction I 
proteins from brains of cases of hepato- 
lenticular degeneration exceed the amount 
of extraneous copper bound by the control 
material from normal human brain proc- 
essed at the same time. 

Capacity of Fraction I Copper to React 
Directly with Sodium Diethyldithiocarbam- 
ate—In order to obtain the concentration 
of tissue copper required in the method 
employed for the determination of direct- 
reacting copper,!® copper-proteins in pH 
8.2 and pH 4.5 extracts of normal human 
brain were concentrated by precipitation 
with 3 vol. of acetone at —13 C, and the 
copper-protein in the precipitates was dis- 
solved in sufficient 0.2 M ammonium bi- 


Direct Reaction of Copper in Fraction I Brain Copper-Proteins with Sodium Diethyldithiocarbamate 


Preparation 


Normal human Fraction I 
As pH 4.5 extract *.....-.. 


Pure human cerebrocuprein I (isolated from pH 4.5 extract) 
As pH 8.2 extract. 
PH 8.2 extract 
Dialyzed vs. added Cu t_-- 
Hepatolenticular degeneration Fraction I 
As pH 8.2 extract (Case C)___- 
As pH 8.2 extract (Case D) 
As pH 4.5 extract (Case C) *~ 
As ph 4.5 extract (Case D) *_. 


Liver, pH 8.2 extract (Case C)_- 


* Dialyzed at pH 4.5. 


carbonate to make a solution containing 5% 
to 10% protein. The pH 8.2 extracts from 
the cases of hepatolenticular degeneration 
were analyzed without previous acetone 


precipitation. The pH 4.5 extracts both 
from normal human brain and from the 
brains of cases of hepatolenticular degenera- 
tion were dialyzed against a single 70-vol. 
portion of redistilled water for 64 hours, 
with constant mechanical shaking prior to 
acetone precipitation, as above. 


The extent to which Fraction I copper 
from normal human brain and from brains 
of cases of hepatolenticular degeneration 
was found to react directly with sodium 
diethyldithiocarbamate is shown in the ac- 
companying Table. Less than 15% of the 
copper in the material from normal human 
brains reacted directiy with carbamate. In 
contrast, of extraneous copper bound by 
proteins in pH 8.2 extracts of normal hu- 
man brain after dialysis against solutions 
containing added copper, 99% reacted di- 
rectly.!° Less than 10% of the tissue cop- 
per in pH 8.2 extracts from Cases C and 
D of hepatolenticular degeneration reacted 


Extent of Direct Reaction 


Cu in Sample As Per Cent of Total 


Analyzed, ug. Cu, ug. Cu in Sample 
11.80 1.45 12 
9.74 1.06 ll 
5.25 0.27 5 
6.39 0.18 3 
8.37 0.91 ll 
4.62 0.35 & 
23.60 20.50 99 t 
24.50 21.30 99 t 
7.37 0.48 7 
14.86 0.95 6 
7.62 O15 2 
7.60 0.13 2 
10.97 4.18 3s 
10.12 4.18 41 
9.06 1.53 17 
9.12 1.55 17 
9.06 0.40 4 
16.61 0.43 3 


+t The samples placed in the spectrophotometer cuvettes in these experiments contained smaller amounts of brain proteins, and 
hence smaller amounts of tissue copper, than the samples employed for the measurement of direct-reacting tissue copper in pH 8.2 


extracts, which are illustrated on the lines immediately above. 
¢ Per cent of added Cu reacting directly. 


Porter 
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directly with carbamate. Copper in a pH 
8.2 extract of liver obtained as a_ biopsy 
specimen from Case C also failed to react 
directly to a significant degree. 

After dialysis of pH 4.5 extracts from 
Cases C and D of hepatolenticular degen- 
eration, 17% to 41% of the retained copper 
appeared to react directly. In the analyzed 
material from Case C, however, in which 
a single, relatively large-scale dialysis (95 
ml. of pH 4.5 extract dialyzed against about 
7 liters of water) had been employed, the 
copper loss on dialysis begun at pH 4.5 
was not as great as that demonstrated on 
dialysis in triplicate of small aliquots from 
pH 4.5 extracts. The copper loss in the lat- 
ter was in agreement with the findings 
shown in Figure 1 for the water extract 
from this brain dialyzed against buffers of 
pH 4.5. Much of the direct-reacting copper 
in the material from the pH 4.5 extract 
from Case C, therefore, appeared to repre- 
sent either contamination with extraneous 
copper or retention of some of the copper 
demonstrable in other experiments to be 
dialyzable at pH 4.5. The proportion of 
Fraction I copper from brains of cases of 
hepatolenticular degeneration which resem- 
bled normal Fraction | copper in_ being 
both undiilyzable at pH 4.5 and indirect- 
reacting after such dialysis was estimated 
as 44% in Case C and as 47% in Case D. 

Electrophoretic Mobility. 
teins in pH 8.2 extracts and in dialyzed 


Cop} eT -PTO- 


pH 4.5 extracts of normal human brain 
and of brains from cases of hepatolentic- 
ular degeneration were concentrated by 
acetone precipitation and solution in 0.2 M 
ammonium bicarbonate, as described in the 
preceding section, Preparative paper elec- 
trophoresis was then carried out, as previ- 
ously described." lour-tenths milliliter 
of protein solution was applied to each 6- 
cm.-wide strip of Whatman No. 3MM 
paper, each preparative run including two 
or three such strips. Since pH 8.2 extracts 
of the tissue contained about four times 
as much protein as did pH 4.5 extracts, 
the amount of fresh tissue represented in 
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the concentrated protein solutions applied 
to the papers in each run varied from about 
3 gm., in the case of material from pH 
8.2 extracts of the tissue, up to about 16 
gm., in the case of material from pH 4.5 
extracts of the tissue. After electrophoresis, 
the paper strips were cut into transverse 
bands of 1 cm. length. Bands of correspond- 
ing mobility were pooled and their protein 
eluted by centrifugation, followed by wash- 
ing the papers in each tube three times with 
barbital buffer, as previously described." 
The eluate from each set of pooled bands 
was analyzed for total copper and for di- 
rect-reacting copper. Each electrophoresis 
run also included an aliquot of the brain 
protein solution and a sample of plasma 
on paper strips 2 cm. wide which were 
stained for protein. Preliminary studies in 
which eluted copper was measured over a 
mobility range of —12 cm. to +18 cm. 
established that in material from hepato- 
lenticular degeneration, under the conditions 
employed, significant amounts of copper 
were not found outside the 0 to +12 cm. 
mobility range. The sum total of copper in 
all the eluted fractions after electrophoresis 
ranged from 68% to 90% of the copper 
in the material placed on the paper. In 
calculating the eluted copper as micrograms 
per gram fresh tissue, correction was made 
for this known copper loss during electro- 
phoresis and elution. 

The results of electrophoresis of material 
from dialyzed pH 4.5 extracts of the tissue 
are shown in Figure 2. Paper strips stained 
for protein showed at least five bands, indi- 
cating that at least five different protein 
components were present in the solutions 
from the pH 4.5 extracts. In material from 
three normal human brains, the main peak 
of copper was found reproducibly at a mo- 
bility of +4 to +5 cm., most nearly ap- 
proximating, although slightly less than, the 
mobility of a plasma ay-globulin. The small- 
er copper peak, at +9 to +10 cm., cor- 
responding to the mobility of plasma 
albumin, was variable in height but in these 
experiments showed no direct-reacting cop- 
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Fig. 2—Copper eluted and protein stained after electrophoresis of material from dialyzed 
pH 4.5 extracts of normal human brains and of brains of cases of hepatolenticular degeneration. 
Clear rectangles represent copper reacting directly with sodium diethyldithiocarbamate; black 
rectangles, copper not reacting directly. The scale representing copper eluted from the 
material from normal human brains is tenfold that shown for the copper eluted from. the 
material from the brains of the cases of hepatolenticular degeneration. 
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Fig. 3.—Copper eluted and protein stained after electrophoresis of material from pH 8.2 
extracts of brains of cases of hepatolenticular degeneration and from pH 8.2 extracts of normal 
human brain after dialysis against solutions containing added copper. Clear rectangles represent 
copper reacting directly with sodium diethyldithiocarbamate; black rectangles, copper not 
reacting directly. 
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per. When extraneous copper (in amounts 
up to 5.9ug. per gram of fresh tissue repre- 
sented) was added by dialysis to material 
from pH 4.5 extracts of normal human 
brain, the bulk of the direct-reacting added 
copper bound was found at a mobility of 
+4 to +5 cm., identical with the mobility 
shown by the indirect-reacting original tis- 
sue copper in this and in other experiments. 

In the three cases of hepatolenticular 
degeneration, the indirect-reacting copper in 
material from dialyzed pH 4.5 extracts 
showed a peak at a mobility similar to that 
of the major copper peak in the material 
from the three normal human brains. As 
indicated in the preceding section and in 
the accompanying “Comment,” some of the 
direct-reacting copper shown at this mo- 
bility in material from dialyzed pH 4.5 
extracts from Cases A and C 
represents artifact. 


probably 


Figure 3 shows the results of electro- 
phoresis of material from pH 8.2 extracts. 
In the three cases of hepatolenticular de- 
generation, the copper in this material, rep- 
resenting the total Fraction I copper from 
these pathological brains, rather than only 
that portion of Fraction I copper stable to 
dialysis at pH 4.5, was found spread over 
a relatively wide range of mobilities. Some 
of the differences in copper-protein mobility 
found between the material from pH 8.2 
extracts and the material from pH 4.5 ex- 
tracts of these pathological brains may 
possibly be related to marked differences 
in the protein composition of the solutions 
applied to the paper, since the material 
from the pH 8.2 extracts contained, in ad- 
dition to the Fraction I copper-proteins, 
much protein insoluble in the pH 4.5 ex- 
tracts. Nevertheless, it is noteworthy that 
in all three cases of hepatolenticular de- 
generation investigated in this respect, the 
peak of copper in material from pH 8.2 
extracts was found at a mobility of +3 
to +4 cm., as compared with the peak at 
+4 to +5 cm. in the material from pH 
4.5 extracts; and much larger amounts of 


Porter 


copper were found at mobilities of +2 to 
+3 em. and +1 to +2 cm. In hepatolentic- 
ular degeneration a considerable portion of 
the total Fraction | copper was thus found 
at mobilities similar to those of plasma 
B-globulins. 

Figure 3 also illustrates the behavior of 
copper added to material from pH 8.2 ex- 
tracts of normal human brain by dialysis 
against buffer containing added copper in 
a copper concentration less than that of the 
brain protein solution. In the illustrated 
experiment, a concentrated brain protein 
solution containing 9.7ug. of original tissue 
copper per milliliter was dialyzed against 
80 vol. of pH 7.2 sodium acetate buffer 
containing 4g. of added copper per milli- 
liter. After dialysis, the copper concentration 
inside the dialysis bag was 14 times that of 
the external solution, and the normal brain 
proteins had bound extraneous copper to 
reach a proportion of copper to protein 
seven times that of the original Fraction | 
extract. In contrast to the pathological cop- 
per of hepatolenticular degeneration, this 
copper bound in vitro by normal brain 
proteins not only reacted directly with car- 
bamate but also was not found in appreciable 
quantities at mobilities similar to those of 
plasma B-globulins, although proteins with 
these mobilities appeared to make up one- 
half or more of the total proteins in the 
electrophoresis material. The absence of 
significant amounts of bound extraneous 
copper in the mobility range of 0 to +4 
cm. was confirmed after preparative paper 
electrophoresis of material from a pH 8.2 
extract of another brain 


normal human 


after a similar dialysis against added cop- 


per. The peak of the small proportion of 
indirect-reacting original tissue copper was 
found at the same mobility as in the ma- 
terial from the pH 4.5 extracts, most nearly 
approximating the mobility of a plasma 
ae-globulin. 


Comment and Conclusions 
In all four brains from cases of hep- 
atolenticular degeneration thus far in- 
vestigated, more than two-thirds of the 
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pathological brain copper has been extracted 
in Fraction I, The loss of about 40% of 
Fraction | copper from the brains of 
two cases of hepatolenticular degeneration 
(Cases A and B of the present paper) on 
dialysis at pH 4.5, as opposed to the ability 
of Fraction | from normal human brains 
to retain essentially all of its copper under 
similar conditions, was described in a previ- 
ous report.'? In the case of normal human 
brain, most of the loss of copper on dialysis 
of Fraction | extracts has been found to 
occur in a steep decline in the proportion 
of retained copper between pH 4.0 and 3.0. 
The experimental points are, in fact, in 
reasonably good agreement with the theo- 
retical hydrogen-ion dissociation curve cal- 
culated from the Henderson-Hasselbalch 
equation for an acidic group with a pK of 
3.5. These results cannot be directly in- 
terpreted as indicating that Fraction I cop- 
per from normal human brain is bound to 
a group having a pK of about 3.5 for hy- 
drogen-ion dissociation in view of the com- 
plicating effects of competition between 
copper and hydrogen ions for the anionic 
group of the protein’? and the possible 
effect of the metal on the pK for hydrogen- 
ion dissociation of the group to which it 
is bound.'® The data obtained do suggest, 
however, first, that Fraction | copper from 
normal human brain may all be bound to 
protein through a single type of group and, 
second, that this group may be one having 
a relatively low pK for hydrogen-ion dis- 
sociation. A previous report has com- 
mented upon the evidence suggesting that 
in cerebrocuprein I, the purified copper- 
protein isolated from normal brain, the 
copper may possibly be bound to the pro- 
tein through carboxyl groups. In contrast, 
the finding in Cases C and D of hepato- 
lenticular degeneration that more than 40% 
of the copper in Fraction I extracts was 
lost on dialysis at pH 4.5 confirms the 
results previously reported? in Cases A 
and B and provides additional data sup- 
porting the previous conclusion that in 
brains from cases of hepatolenticular de- 
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generation a significant portion of the path- 
ological brain copper is bound to protein 
through linkages more labile to acid pH 
than the copper-protein bonds in Fraction 
| from normal human brain. Furthermore, 
the gradual loss of Fraction I copper from 
brains of cases of hepatolenticular degenera- 
tion over a relatively wide pH range sug- 
gests that in hepatolenticular degeneration 
the pathological copper is bound to protein 
through more than one type of linkage. 
Less than 159% of the copper in Fraction 
| from normal human brains, obtained as 
pH 8.2 extracts of the tissue, as dialyzed 
pH 4.5 extracts of the tissue, or as purified 
human cerebrocuprein | ' isolated from pH 
4.5 extracts of the tissue, reacted directly 
with sodium diethyldithiocarbamate. In con- 
trast, 99% of extraneous copper bound to 
proteins in pH 8.2 extracts from normal 
human brain after dialysis against solutions 
containing added copper reacted directly 
with this reagent.” In Cases C and D of 
hepatolenticular degeneration, less than 10% 
of the Fraction | copper in pH 8.2 extracts 
was found to react directly with carbamate. 
This finding differs from the previously re- 
ported '® results in Cases A and B of 
hepatolenticular degeneration in which, after 
prolonged storage, 29% to 45% of the cop- 
per in pH 8.2 extracts had been found to 
react directly. The control material in the 
previous study had included material from 
a brain in which 17 hours elapsed between 
death and autopsy and in which the brain 
was stored frozen for more than six months 
prior to analysis without demonstrable ef- 
fect of these conditions on the capacity of 
Fraction I brain copper to react directly. 
Nevertheless, the present results on the 
fresher material from Cases C and D sug- 
gest that the previously observed values in 
Cases A and B were the result of post- 
mortem change or other artifact. The pres- 
ent results indicate that Fraction I copper 
in pH 82 extracts from relatively fresh 
brains of cases of hepatolenticular degenera- 
tion, like that in normal human brain, does 
not react directly with carbamate to a sig- 
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nificant degree. The copper-protein bonds 
occurring in the brain in cases of hepato- 
lenticular degeneration, although more labile 
to acid pH than the copper-protein bonds 
of naturally occurring copper proteins from 
normal human brain, thus appear to be of 
a less labile type than the copper-protein 
bonds artificially produced by addition of 
copper to normal brain proteins in vitro. 
Copper in a pH 8.2 extract of liver obtained 
as a biopsy specimen from Case C also 
failed to react directly with carbamate to 
a significant degree. The capacity of the 
copper in the liver of cases of hepatolentic- 
ular degeneration to react directly with 
copper-binding agents employed in_ histo- 
chemical studies }?° may be attributed in 
part to the probable denaturation of tissue 
proteins by contact with formalin or ethanol 
at room temperature. The proportion of 
copper in Fraction I from brains of cases 
of hepatolenticular degeneration which re- 
normal 


sembled [Traction | from 


human brains in being both undialyzable at 


yper 


pH 4.5 and indirect-reacting with carbamate 
after such dialysis was estimated as about 
45% of the total Fraction I copper from 
the pathological brains. 

On preparative paper electrophoresis of 
material from dialyzed pH 4.5 extracts of 
normal human brains, the main peak of cop- 
per was found reproducibly at a mobility 
most nearly approximating, but slightly 
less than, that of a plasma ag-globulin. A 
second copper peak was found at a mobility 
similar to that of plasma albumin, but the 
height of this second copper peak was 
markedly variable in material from different 
normal human brains, and it is considered 
probable that the occurrence of much cop- 
per at this mobility is attributable chiefly 
On 
material 
dialyzed pH 4.5 extracts from the brains 
of cases of hepatolenticular degeneration, 


to protein breakdown." preparative 


paper electrophoresis of from 


the peak of the copper which remained un- 
dialyzable at pH 4.5 and indirect-reacting 
with carbamate after such dialysis was 
found at a mobility identical with that shown 
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by the major peak of copper in material 
from normal human brains. This copper thus 
represents copper in the brains of cases of 
hepatolenticular degeneration which has not 
been demonstrated to be bound in a form 
different from Fraction | copper in normal 
human brains. With allowance for protein 
overlap onto the 1 cm. bands immediately 
adjacent to the peak band, such copper 
might amount to about 20% or more of the 
total Fraction | copper from the pathologi- 
cal brains. The amounts of cerebrocuprein 
I, the purified copper protein isolated from 
normal human Fraction [,!* which are pres- 
ent in the brains of cases of hepatolenticular 
degeneration have not yet been determined. 

Copper in material from pH 8.2 extracts 
from the brains of cases of hepatolenticular 
degeneration, representing total Fraction I 
copper from these brains, rather than only 
that portion of lraction | copper which was 
stable to dialysis at pH 4.5, was found 
spread over a relatively wide range of elec- 
trophoretic mobilities. This finding suggests 
that in hepatolenticular degeneration the 
total Fraction | copper is bound to a num- 
ber of different proteins. In particular, a 
considerable portion of the copper in this 
material appeared to be bound to proteins 
having electrophoretic mobilities at pH 8.6 
similar to plasma £-globulins, 
whereas the copper in material from normal 


those of 


human brains appeared to be bound chiefly 
to proteins with greater electrophoretic mo- 
bilities. Results of electrophoresis of material 
from pH 8.2 extracts of normal and path- 
ological brains thus provide further evi- 
dence that in hepatolenticular degeneration 
a significant portion of the pathological 
brain copper is bound to proteins in a form 
different from that accounting for the bulk 
of the Fraction | copper in normal human 
brain. 

Artificial copper-protein combinations 
could be produced in vitro by addition of 
extraneous copper to proteins from pH 82 
extracts of normal human brains during 
dialysis against buffer containing added 
copper. These copper-protein combinations 


109/553 


| 


differed from the abnormal copper-protein 
combinations formed in vivo during the 
course of hepatolenticular degeneration not 
only in their capacity to react directly with 
carbamate but also in their electrophoretic 
mobility. Thus, almost none of the copper 
added in vitro to normal brain proteins was 
found at mobilities corresponding to those 
of plasma f-globulins, whereas copper-pro- 
tein combinations with such mobilities made 
up a major portion of the Fraction | copper 
in the brains from cases of hepatolenticular 
degeneration. The total amounts of extrane- 
ous copper bound by proteins in pH 8.2 
extracts from normal human brain during 
dialysis against buffer containing added cop- 
per were found to equal, and indeed exceed, 
the amounts of extraneous copper bound 
by similar material from brains of cases 
of hepatolenticular degeneration. The pres- 
ent observations on brain, therefore, do not 
support the theory *! that in hepatolenticular 
degeneration the tissues accumulate copper 


‘ 


because they contain proteins with ‘an ab- 
normal avidity” for extraneous copper. 
Evidence has been presented that a sig- 
nificant portion of the pathological copper 
accumulating in the brain in hepatolenticular 
degeneration is bound to proteins in copper- 
protein combinations differing, both in elec- 
trophoretic mobility and in lability to acid 
pH, from those occurring in appreciable 
amounts in normal human brain. Although 
the abnormal copper-protein combinations 
found in these pathological brains do not 
resemble those produced by addition of cop- 
per to normal brain proteins in vitro, it is 
nevertheless possible that, with more in- 
tricate mechanisms for copper binding which 
may be present during life, much of the 
pathological copper in the brains of cases 
of hepatolenticular degeneration becomes 
bound to brain proteins which are normally 
copper free. The accumulated copper might 
then interfere with functions, such as enzy- 
matic activity, of some normally copper-free 
protein(s) and thus lead to the neurological 
deficits occurring in this disease. If this 
hypothesis is correct, there are at least two 
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possible mechanisms which might explain 
the observations that, although abnormal- 
ities in copper metabolism may be present 
from birth §, neurological symptoms may 
not appear until the age of 30 or more.® 
One might speculate that the pathological 
copper, even if bound to a single brain pro- 
tein or distributed in a constant ratio be- 
tween several brain proteins, must slowly 
accumulate to exceed a certain threshold 
before the function of the protein(s) is 
altered to a degree sufficient to produce 
manifest neurological deficit. Alternatively, 
it is possible that, during the course of the 
disease, additional increments of accumulat- 
ing copper might be bound successively to 
different brain proteins having successively 
weaker affinities for the metal. Those cop- 
per-protein combinations formed predom- 
inantly at a relatively late stage in the 
disease might then have a more deleterious 
effect on normal cerebral metabolism than 
those copper-protein combinations formed 
early in the disease. The present data from 
Case D indicate that in hepatolenticular de- 
generation brain copper may be elevated to 
about seven times the normal levels in a pa- 
tient showing only minimal neurological 
deficit. No evidence definitely supporting 
the second, alternative hypothesis above was 
provided by comparison of the data from 
the advanced Case (C) with the data from 
the early Case (D), since there was no 
definite indication that in the more advanced 
case a larger proportion of the pathological 
rain copper was bound in relatively labile 
form, i. e., to proteins having a weaker 
affinity for copper. 


Summary 
Properties of copper-protein combinations 
present in the brains of four cases of 
hepatolenticular degeneration are compared, 
with the properties of both naturally oc- 
curring and artificially created combinations 


§ The absence of detectable plasma ceruloplasmin 
in a 10-month-old infant sibling of a patient with 
Wilson’s disease has been observed by Scheinberg.” 
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of copper with proteins from normal human 
brain. 

1. The total Fraction | brain copper in 
hepatolenticular degeneration appears, on 
preparative paper electrophoresis, to be 
bound to a number of different proteins. 

2. A significant portion of the pathologi- 
cal copper in the brains of cases of hepato- 
lenticular degeneration appears to be bound 
to protein through linkages more labile to 
acid pH than the copper-protein bonds in 
Fraction | from normal human brain. 


3. In hepatolenticular degeneration most 
of that portion of Fraction I copper which 
resembled normal human [raction I copper, 
both in being undialyzable at pH 4.5 and 
in failing to react directly with sodium 
diethyldithiocarbamate after such dialysis, 


was also similar to normal human [raction 
| copper in electrophoretic mobility. This 
copper may therefore prove to be in a form 
identical with one of those occurring in 
normal human brain. 

4. Copper in pH 8.2 extracts of two 
brains and one liver biopsy specimen from 
cases of hepatolenticular degeneration did 
not react directly with sodium diethyldithio- 
carbamate to a significant degree, whereas 
99% of copper added in vitro to proteins 
from similar extracts of normal human 
brain reacted directly. The copper-protein 
bonds occurring in hepatolenticular degen- 
eration thus appear to be of a firmer type 
than those artificially produced by addition 


of extraneous 


copper to from 


normal human brain. 


proteins 


5. Brain copper-proteins in hepatolenticu- 
lar degeneration also differed from those 
produced by addition of copper to normal 
brain proteins in vitro in showing much 
copper bound to proteins with electropho- 
retic mobilities at pH 8.6 similar to those of 
plasma B-globulins, whereas almost none of 
the copper added to normal brain proteins 
was found at these mobilities. 

6. The extraneous copper 
bound by proteins in pH 8.2 extracts from 


amounts of 


brains of cases of hepatolenticular degenera- 
tion during dialysis against solutions con- 


Porter 


taining added copper did not exceed the 
amounts of copper bound by similar ma- 
terial from normal human brains under the 
same conditions. 


The author is indebted to Mrs. Sally Ainsworth 
for technical assistance. 


New England Center Hospital 171 Harrison St. 
(11). 
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Augmentation of the Inflammatory Reaction by 


Activity of the Central Nervous System 


LORING F. CHAPMAN, Ph.D.; HELEN GOODELL, B.S., and HAROLD G. WOLFF, M.D., New York 


As an aspect of the continuing study in 
this laboratory of the participation of the 
nervous system in integrating appropriate 
and inappropriate adaptive reactions,’ the 
inflammatory response has been of prime 
interest. 

It was a Galenic dictum that any part of 
the body may influence any other part 
18th 
Baglivi held 
the view that disorders of the nervous sys- 


through neural connections. In_ the 


century, Cullen, Pinel, and 
tem underlay most disease processes. This 


emphasis gave rise to the school of 
“systematic correlative neuropathologists,” 
which dominated French concepts of dis- 
ease in the first half of the 19th century.* 
In the latter half of the 19th century grow- 
ing emphasis on localized cellular alterations 
interest in 


overshadowed the earlier gen- 


eralized reactions.’ 

Cohnheim, in 1882,4 inferred that vasomo- 
tor nerves played no part in inflammation, 
but by 1909 it was established (by the 
work of Samuel, Meltzer, and Meltzer, and 
of Roger, Adami, and others), as cited by 
Florey,® that interruption of sympathetic 
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and assistance of 


vasoconstrictor nerves led to vasodilatation 
and enhanced inflammatory reactions fol- 
lowing noxious stimulation. On the other 
hand, interruption of vasodilator fibers re- 
sulted in constriction and diminished inflam- 
The latter 
procedure delayed elimination of injected 
micro-organisms and slowed recovery from 
injury. 


mation subsequent to injury. 


Bruce, in 1910,° was among the first to 
suggest that an axon reflex was involved in 
the vasodilatation of inflammation. In the 
1920’s and 1930's investigators 
studied the participation of the nervous 
system the 


several 


inflammatory —process.7® 
Sir Thomas Lewis® analyzed the “triple 
response” of the skin to injury and showed 
that a red central area surrounded by a 
brighter red flare appeared upon injuring 
the normal skin, but that if the sensory 
nerves to the skin had been cut five to 
seven days before the injury, only the 
central red area developed. If the injury 
occurred before the peripheral nerve fibers 
had degenerated, the surrounding flare was 
still evident. He regarded the central red 
area as being due to dilatation of venules 
and capillaries that had been acted upon 
directly by a chemical substance liberated 
by the injury This substance, 
termed H substance because of the similarity 


tissue. 


of its effects to those of histamine, was 
thought to stimulate afferent nerve endings 
in the injured area. In this way, an axon 
reflex. was initiated that dilated arterioles 
outside the injured area and_ resulted in 
“flare.” Recently, potent pharmacodynamic 
agents have been demonstrated to participate 
in inflammation.!0-!7 

Previous studies from this laboratory 


have demonstrated that many of the organs 
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of the body become more readily damaged 
during or after periods perceived as 
threatening: Vasodilatation, edema, diape- 
desis, hemorrhage, erosion, increased fria- 
bility of tissue, lowered pain threshold, and 
impaired organ function have been observed 
19 


in the skin,'* nose,!® airways,’ stomach,?° 


colon,?! bladder, vagina,”* and the subcu- 
taneous tissue of the scalp.*° These changes 
could be induced rapidly by appropriate 
alteration of the environment, as by inter- 
views which augmented or decreased the 
perception of threat. 

The following section is a report concern- 
ing the pertinence of vasomotor influences 
and certain proteolytic enzymes and_ poly- 
peptides released or accumulated not only 
when lower levels of the nervous system 
but also when the highest levels are involved 
in adaptive responses, The participation of 
various levels of activity of the nervous 
system in inflammation was analyzed 
through study of modifications of the 
inflammatory response to noxious stimula- 
tion associated with the axon reflex, the 
thermoregulatory reflexes, and suggestions 
during hypnosis. 


I. Demonstration That the Inflammatory 
Response Can Be Modified by Neural 
Activity Integrated at the Segmental 
Level: the Axon Reflex 


A. The pain threshold is lowered in the 
flare zone of the axon reflex. 


Bilisoly, Goodell, and Wolff 7° observed 
that the pain threshold in the flare area of 
the axon reflex was lowered, as measured 


by the hair-pull method, by thermal dolo- 
rimetry, and by von Frey hairs. The axon 
reflex was studied as an example of the 
simplest integrative pattern that could be 
relevant to inflammation. reflexes 
were induced on the volar surface of the 
arms by intradermal injection of 0.05 ce. of 
histamine phosphate (1:1,000) in six sub- 
jects. The lowered pain thresholds in the 
flare zones were demonstrated repeatedly in 
each subject. 

B. The response to injury is heightened 
in zones of vasodilatation. 
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Bilisoly, Goodell, and Wolff 76 also used 
the axon-reflex flare to illuminate the rela- 
tion between vasodilatation and heightened 
tissue vulnerability. Since the pain thresh- 
old was lowered during the period of active 
vasodilatation, it was suggested that an 
added standard noxious stimulation would 
have a more damaging effect within such 
an area than in control areas. Hence, axon- 
reflex flares were induced on the volar 
surface of one arm, and the other arm 
served as a control. It was then shown that, 
as the result of exposure to similar inten- 
sities of noxious thermal or chemical stimu- 
lation, there was significantly more skin 
damage in the zone of flare on the one arm 
than in comparable areas on the control 
arm. These differences were most striking 
48 hours after thermal injuries. 

C. Protease and bradykinin-type polypep- 
tides are increased in amount in subcuta- 
neous perfusate collected from the flare 
zone of the axon reflex. 

Previous studies of blister fluid by 
Armstrong, Keele, and associates! and 
of the subcutaneous fluid collected from 
the scalp during vascular headache of the 
migraine type by Ostfeld et al.*° indicated 
that this tissue fluid contained increased 
amounts of substances resembling polypep- 
tides of the bradykinin type, as defined by 
Rocha e Silva et al.27 Hence experiments 
were devised that permitted the collection of 
a subcutaneous perfusate from the zone of 
axon-reflex flare induced by injuring the 
skin by intracutaneous histamine phosphate 
at least 4 cm. distal to the site of fluid col- 
lection. In other instances the skin was 
damaged by heat or by cooling with ice. 

Subjects and Method: 

The subjects studied were two healthy adults 
and three patients: One man had had a gunshot 
injury of the brachial plexus, with absence of 
sensation in the region stimulated and perfused; 
one woman had absence of sympathetic innervation 
of the forearm, as a sequel of sympathectomy, 
and a second woman had “cold allergy”; i.e., she 
readily developed urticaria in response to cold 
stimulation. 

The method of perfusing the subcutaneous space 
is a modification of that of Fox and Hilton. 
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GENTLE 
SUCTION 


| OROP 
Q 5 SECONDS 


SITES OF INJURY 


OROPS OF 
PERFUSATE 


FROZEN 


Fig. 1—The arm prepared for perfusion and 
immediate freezing of perfusate as collected. Two 
No. 20, 2-in.-long perforate needles were inserted 
into the subcutaneous spaces parallel to each other 
and at a distance of approximately 1.5 cm. apart. 
This method is an adaptation of that of Fox and 
Hilton. 


Figure 1 shows the method of inflow and outflow, 
using perforate needles. These needles were No. 
20 steel hypodermic needles with eight perforations 
in the shafts.* The needles were inserted into the 
subcutaneous space of the surface of the 
forearm parallel to each other and approximately 


volar 


*The perforate needles were especially made 
by Becton, Dickinson & Co., Rutherford, N. J. 


APPARATUS FOR RAT UTERUS BIOASSAY 


RECORDING DRUM 
SMOOTH MUSCLE STRIP 


(VIRGIN RAT UTERUS) 


MODIFIED RING'S SOLUTION 
2 cc, CHAMBER 


CONSTANT TEMPERATURE BATH (29°C) 


VACUUM 


Fig. 2——The arrangement of apparatus for the 
method of rat uterus (or rat duodenum) bioassay 
of perfusate collected according to the method 
illustrated in Figure 1. 
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1.5 cm. apart. The rate of inflow of the perfusion 
fluid (isotonic saline) was 0.5 cc. a minute. The 
perfusate was collected in siliconized tubes and 
was immediately assayed or frozen in COz snow 
to prevent alteration and 
when convenient. 


subsequently assayed 
The perfusate was assayed by 
the conventional smooth muscle (rat uterus” and 
rat duodenum *””) methods, illustrated in Figure 2. 
After the collection of four to six control speci- 
mens of perfusate, at five-minute intervals, two 
intracutaneous injections of histamine were made 
at a distance of approximately 4 cm. on either side 
of the collection site. Five-minute samples of the 
perfusate were collected during 30 to 60 minutes 
thereafter. Aliquots (0.2 cc.) of the samples were 
added to the chamber (Fig. 2), and the ampli- 
tude of contraction (rat uterus) or relaxation (rat 
duodenum) induced was expressed as the amount 
of bradykinin standard required to induce sim- 
ilar contraction or relaxation. Twenty perfusion 
experiments were Perfusates from 
the two intact subjects were assayed with the rat 
uterus method in 10 experiments, with the rat 
duodenum method in 3 experiments, with the 
guinea pig ileum method in 2 experiments, and, 
for protease activity, with a titrimetric method 
in 2 experiments. In the last method benzoyl ar- 
ginine ethyl ester (0.01 M) was incubated with 
perfusate at 37 C in the presence of “tris” buffer 
(0.25 M, pH 9). Esterase activity was determined 
by titration of free carboxyl groups formed. Es- 


performed. 


terase activity determined with this substrate may 
be used as a measure of protease activity.“ The 
perfusates from the three patients were assayed 
with the rat uterus method. 

Results : 

Control samples of perfusate collected 
during intervals as long as 60 minutes re- 
sulted in contractions equivalent to approxi- 
mately equal small amounts of bradykinin, 
after initially higher amounts in the first 
one or two specimens collected after inser- 
tion of the perfusion needles. The presence 
of this bradykinin-like substance in_ the 
control specimens could have resulted in 
part from trauma secondary to the perfu- 
sion procedures and in part from activation 
of proteolytic enzymes by dilution of serum 
proteins in the extracellular fluid with saline. 

The axon-retlex flares began soon after 
the skin was injured by the injections of 


histamine, the flares gradually increasing in 


area and redness during 15 to 30 minutes. 
During the first after the 
injury, the perfusate contained augmented 


few minutes 
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BIOASSAY (RAT DUODENUM) 
OF SUBCUTANEOUS PERFUSATE 
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hig. 3— Bioassay (rat duodenum) of subcu- 
taneous perfusate collected before and during axon- 
reflex flare. The axon reflex was induced in two 
areas by intracutaneous injection of 0.05 cc. of 
histamine phosphate (1:1,000) at distances of ap- 
proximately 4 cm. on either side of the perfusion 
needles (Fig. 1). The duodenum was suspended 
in de Jalon’s solution at 29 C, containing atropine 
gm/L.), tripelennamine (Pyribenzamine ) 
em/L.), and BOL em/L.) 


amounts of bradykinin-like substance, as 
assayed with the rat duodenum (Fig. 3). 
The fluid collected in the second and third 
five-minute periods after noxious stimula- 
tion also resulted in larger contractions than 
in the control periods, The flare, however, 


BIOASSAY 


Fig. 4.—Bhioassay (rat > 180 
uterus) of subcutaneous > 
a 160 
perfusate collected before 
< 
and during axon-reflex 
flare The flare was in ‘ 120 
duced as Figure 3 
Ls 100 
The uterus sus 2 
pended in de Jalon’s solu al 
tion to which atropine > 060 
gm/L.), and 
BOL (1 10" em/L.) had a 


been added 


AXON REFLEX 
INDUCED 
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persisted for a longer period than the in- 
creased activity in the perfusate. 

The brachial plexus in- 
juries and absence of sensation in the region 
stimulated and perfused had no flare and 
no itching following the histamine injection. 


subject with 


Also, the perfusate contained no increase 
in the amount of bradykinin-like material 
after histamine injection. On the other 
hand, in the subject who had been deprived 
of sympathetic innervation only, flare devel- 
oped after histamine injection, as in the 
intact subjects, and bradykinin-like poly- 
peptides in the perfusate were increased 
threefold. This 


cussed in more detail later, 


observation will be dis- 

ligure 4 shows the results of bioassay of 
subcutaneous perfusate with the rat uterus. 
The 


differed 


course of increased 
that 


duodenum method. This difference suggests 


time activity 


from observed with the rat 
that several substances are present in in- 
creased amounts at different times during 
the axon-reflex flare, since some agents, for 
example bradykinin, contract the rat uterus 
but relax the rat duodenum, while others, 
for example potassium, contract both tis- 
sues. Mixtures of such 


agents may be 


OF SUBCUTANEOUS PERFUSATE 


SKIN FLARE 
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additive in their effects on one preparation 
but antagonistic on the other. 

The forearm of the patient with the “cold 
allergy” was perfused, as described above. 
After the collection of several six-minute 
control specimens of perfusate, an extensive 
urticarial reaction and flare were induced 
by the application of cold to the area on 
either side of the perfusion needles. Bioas- 
say revealed a fivefold increase in brady- 
kinin-like polypeptides. 

The properties of the agent responsible 
for the augmented rat uterus contractions 
were further defined by study of inhibitors 
of serotonin and acetylcholine. The rat 
uterus was suspended in the 2 ce. bath con- 
taining de Jalon’s which the 
bromine derivative of lysergic acid diethyla- 
mide (1X10-* gm/L.) and atropine 
(110-4 gm/L.) had been added. These 
substances did not inhibit either the contrac- 


solution to 


tions induced by control specimens or the 
increase observed during the axon-reflex 
flare, indicating that the substance respon- 
sible for the increased contractions was not 
principally serotonin or acetylcholine. 

The activity of the perfusate, as defined 
by its capacity to induce contractions of 
the rat uterus, was unstable at room tem- 
perature. The activity of frozen samples 
collected in the first minutes after 
noxious stimulation increased if the fluid 
was allowed to stand for three minutes at 
temperature but 


five 


when 
allowed to stand longer periods; after 10-15 


room decreased 
minutes no activity could be demonstrated. 
The activity of control specimens and that 
of the specimens gathered subsequent to the 
first five minutes after noxious stimulation 
diminished slightly on standing three min- 
utes at room temperature and continued to 
It was postulated that 
this rapid destruction resulted from pepti- 
dase activity in the extracellular fluid. Ac- 
cordingly, the samples were heated for four 
minutes in a boiling water bath to destroy 


decrease thereafter. 


such enzymes, and it was found that activity 


of the perfusate was thus stabilized. 


lurther evidence that the principal agent 


Chapman et al. 


was a_ bradykinin-like polypeptide was 
furnished by the observation that brief 
(three-minute) incubation with chymotryp- 
sin reduced the activity of the perfusate 
collected during flare to than the 
minimally observable amount that could be 


detected by the method. 


less 


This enzyme is 
known to inactivate polypeptides of the 
bradykinin-type.** 

Preliminary studies of the perfusate col- 
lected from two subjects indicated the pres- 
ence of increased amounts of protease, as 
assayed by the chemical method, using 
benzoyl arginine ethyl ester as substrate, in 
the five-minute specimens collected imme- 
diately after noxious stimulation, as com- 
pared with “control” specimens or the 
perfusate collected more than five minutes 
after noxious stimulation. In this laboratory 
there has been good agreement between 
protease activity, as determined with this 
substrate, and “bradykinin-forming”’ activ- 
ity, as measured by bioassay with smooth 
muscle, 


Comment: 


Since histamine can be released by 
proteolytic enzymes,** and since bradykinin 
formation is dependent upon such enzymes, 
it is conceivable that histamine is liberated 
under conditions associated with the forma- 
Indeed, other recent 


experiments in this laboratory indicate that 


tion of polypeptides. 


histamine liberation may be a_ significant 
factor in the axon and Louvain reflexes.*° 
Other participate. 
Serotonin might be released in those reac- 
tions in which there is platelet accumulation 
and breakdown, and possibly escape of 
serotonin 


agents probably also 


from into 
Benjamin * has recently sug- 


noxious 


minute blood vessels 
the tissues. 
that stimulation 
intracellular potassium which then activates 
pain endings. Holton ** has demonstrated 
adenosinetriphosphate (ATP) 
content of rabbit ear perfusate following 
antidromic stimulation. Kunkle *7 has shown 
that acetylcholine is elevated in cerebro- 


gested releases 


increased 


spinal fluid during some vascular headaches 
of the migraine type. However, since ATP 
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Properties of a Substance in Subcutaneous 
Perfusate Present in Increased Amounts 
During Axon-Reflex Flare 


1. Induces itching and dilatation of small vessels and lowers 
pain thresholds when reinjected intradermally. 

2. Increases vessel permeability (outflow volume of perfusate 
increases two- to threefold during flare). 

3. Contracts isolated rat uterus and guinea pig ileum and relaxes 
isolated rat duodenum. 

4. Enhanced smooth muscle contractions are not inhibited by 
antihistamines, the bromine derivative of lysergic acid 
diethylamide (BOL), or atropine in amounts that inhibit 
histamine, serotonin, and acetylcholine, respectively. 
Thus, none of these is the principal active agent, although 
they or others may also participate. 

5. Rapidly loses its capacity to induce contractions of smooth 
muscle on standing at room temperature (in 10 to 20 min- 
utes). 

6. Its activity is stabilized by four minutes of heating in a boiling 
water bath. 

7. The activity of the heat-stabilized substance is destroyed 
after brief (15-minutes) incubation with chymotrypsin; 
i.e., the active agent is a peptide. 


and acetylcholine are usually rapidly de- 
stroyed in tissue, their significance in sus- 
tained inflammatory reactions is difficult to 
evaluate. 

It has been shown that when mixtures 
containing bradykinin prepared by incuba- 
tion of trypsin with pseudoglobulin were 
injected into the skin, they induced burning 
pain and itching sensations.***° The ac- 
companying Table lists these and other 
properties of the perfusate supporting the 
view that the principal active agent liberated 
into the perfusate is a bradykinin-type 
polypeptide. 

At least three possibilities concerning the 
origin of protease and polypeptides are 
compatible with the data here presented. 
The first is based on the fact that blood 
itself contains an enzyme (plasmin) that 
can form  bradykinin-like polypeptides.*! 
According to the views of Lewis,*” the en- 
trance of this enzyme system into the 
interstitial spaces as a consequence of 
vasodilatation induced by some unknown 
mechanism could” result secondarily in 
the formation of vasodilator polypeptides 
(plasma kinins). 

The second possibility is that neurogenic 
influences release metabolites that convert 
plasminogen already present in extracellular 
fluid to the active proteolytic enzyme, 
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plasmin, which then results in polypeptide 
formation. 

A third, and to us attractive, possibility 
is that a neurogenic humoral agent, such 
as acetylcholine, alters membrane permea- 
bility of many varieties of cells to release 
intracellular proteolytic enzyme, which then 
acts on protein in extracellular fluid to 
produce polypeptides of the bradykinin type, 
as well as other potent agents, such as 
histamine and serotonin. 

Hilton and Lewis,** analyzing venous 
perfusate from the skin of the cat, failed 
to observe bradykinin activity following 
antidromic stimulation of the saphenous 
nerve. However, the degree of vasodilata- 
tion in these circumstances was slight, and 
an associated small increase in bradykinin 
might conceivably have been beyond the 
limitations of the method to detect. 

Protease activity has long been held to 
be relevant to inflammation,** and Ungar 
recently has traced the evolution of the 
concept that proteolytic-enzyme activation is 
a primary feature of the antigen-antibody 
reaction. Also, Beraldo, in 19504® demon- 
strated that bradykinin is formed during 
anaphylactic shock. Thus, on the basis of 
these latter studies and those reported in 
the present communication, it appears that 
bradykinin formation is a common_ bio- 
chemical link between nervous system activ- 
ity and the antigen-antibody reaction. 


II. Demonstration That the Inflammatory 
Response Can Be Modified by Neural 
Activity Integrated at the Brain Stem 

and Hypothalamic Levels: 
Thermoregulatory Reflexes 


A. Thermoregulatory reflex vasodilata- 
tion is accompanied by lowered pain thresh- 
old. 

The vasomotor reactions in the skin as 
part of the body’s thermoregulatory devices 
can be dramatically demonstrated by the 
study of the nonimmersed surface of a 
subject partially immersed in hot water. 
Under these circumstances the skin of the 
nonimmersed portion becomes flushed, the 
temperature elevated, and sweating aug- 
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mented. Graham et al.4? showed that during 
the initial flush there was a transient lower- 
ing of the pain threshold in the skin, as 
measured by the thermal radiation tech- 
nique. Bilisoly et al.*6 also induced reflex 
vasodilatation in the skin of the arms by 
immersing the subject’s feet and legs in 
hot water. By using the point at which 
pulling a hair first caused pain as a pain- 
threshold measurement, they demonstrated 
a transient lowered pain threshold during 
the initial flush. This lowered threshold 
was not dependent upon an elevated skin 
temperature per se. 

B. Thermoregulatory reflexes can modify 
the vaosdilatation accompanying the axon 
reflex. 

Two experiments were performed in 
order to ascertain whether the magnitude 
of the flare of the axon reflex could be 
modified by superimposing the effects of 
the thermoregulatory reflexes just described. 
Two of us served as subjects. Tirst, the 
unclothed subject was chilled in moving 
air at a room temperature of approximately 
14 C. After 30 minutes of chilling, the 
skin of one forearm was injured by intracu- 
taneous injection of histamine phosphate 
(0.05 ce. of 1:1,000 solution). The extent 
of axon-reflex flare was outlined in ink and 
a tracing made on thin paper for comparison 
with the flares (a) resulting from a similar 
injury an hour later, when the subject was 


COMPARISON OF AXONE REFLEX FLARES 
IN VASQCONSTRICTED VS VASODILATED SKIN 


SKIN TEMPERATURES AT SITES OF INJECTION 
OF HISTAMINE PHOSPHATE (0.1CC 11000 1D) 
RIGHT 253°C LEFT 33.4°C 


AREA OF FLARE ww CM® 


FLARE ON RIGHT FOREARM 
AFTER CHILLING 

OF UNCLOTHED SUBJECT 

IN ROOM TEMPERATURE 

OF 14°C FOR 30 MINUTES 


FLARE ON LEFT FOREARM 
AFTER REWARMING 
OF FULLY CLOTHED SUBJECT 
IN ROOM TEMPERATURE 
OF 25°C FOR 30 MINUTES 


Fig. 5.—Comparison of axon-reflex flares in the 
chilled vs. the normal, warm subject. 
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again comfortably warm, and with the 
flares (b) induced after the subject had 
been heated by immersion of the feet and 
legs in hot water. The flares induced when 
the subject was chilled were invariably far 
smaller in area than those in control condi- 
tions or during heating (Fig. 5). 

C. The magnitude of inflammatory reac- 
tion and tissue damage in response to 
noxious stimulation is enhanced during 
thermoregulatory reflex vasodilatation. 

In the second series, of five experiments 
on three healthy subjects, the skin of the 
forearms was injured by a standard thermal 
stimulus (500/me/sec/sq. 
seconds) applied to one 
subject 


three 
before the 
immersed (control, ‘com- 
fortably warm” conditions) and to the other 
arm when the subject was being heated by 
immersion of the 


cm. for 
arm 
was 


feet and legs in hot 
(42 C) water and just as the skin tempera- 
ture of the forearm was beginning to rise. 
If the skin temperature had become ele- 
vated, the skin was gently cooled locally 
with a forced draft of air to the temperature 


of the control arm at the time it had been 


injured. Skin temperatures were recorded 


by a multichannel continuous recorder, The 


Fig. 6—Photographs of the results of burns 
resulting from application of similar noxious 
stimulation (500/me/sq. cm/sec. for three seconds ) 
to the right arm just before, and to the left arm 
during, immersion of the feet and legs in_ hot 
water. The burns on the left arm were made in 
the initial phase of vasodilatation and can be seen 
to be more extensive than on the right, control 
arm. 
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magnitude of the inflammatory reaction was 
estimated and photographed each day during 
the next 12 days. In all three subjects, and 
in all experiments, the injuries sustained 
on the arms noxiously stimulated during 
immersion of the feet and legs were sig- 
nificantly greater than those on the control 
arms; an example is illustrated in Figure 6. 
This picture was taken three days after the 
skin had been burned.’ The skin tempera- 
ture just before the skin was burned was 
34.0 C (93.2 I) on the right control arm 
and 33.7 C (92.6 IF) on the left, cooled, 
though actively vasodilating, arm. 

Comment : 

The experiments with chilling the body at 
low room temperature, and with raising 
immersion in hot 


body temperature by 


water, implicating the thermoregulatory 
centers, demonstrate that activity within the 
central nervous system integrated at the 
brain stem and hypothalamic levels can 
modify the effects of the axon retlex and 
the inflammatory reaction to noxious stimu- 
lation. ox and Hilton ** demonstrated that 
the flush induced on the forearm by im- 
mersing the rest of the body in hot water 
is accompanied by an increase of brady- 
kinin-like material in the perfused subcu- 
taneous spaces. It may thus be inferred 
that central neural activity can lead to in- 
creased amounts of proteolytic enzymes and 
bradykinin-like polypeptides in the periph- 
eral tissues in which there is thermoregula- 


tory reflex vasodilatation. 


D. Activation 


essential to bradykinin formation during 


of sweat glands is not 


neurogenic vasodilatation in the skin. 

lox and Hilton ** inferred that height- 
ened sweat-gland activity is responsible for 
the release of bradykinin-forming enzymes 
during vasodilatation induced by indirect 
heating. Experiments were undertaken to 
clarify whether or not sweat-gland activa- 
tion is indeed essential to the increased 
production of bradykinin-like polypeptides 
during axon reflex, by study of a subject 
deprived of sympathetic innervation in the 
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region examined. The patient, one with 
Raynaud’s syndrome, 12 years earlier fad 
undergone bilateral upper thoracic sym- 
pathectomy and_ bilateral anterior rhizot- 
omy of the first The 
sympathetic chain was divided below the 
third ganglion, and the second and _ third 
The stel- 
late, second, and third ganglia and the cen- 
tral attachment of the first 
were left intact. Also, the 
anterior root was divided bilaterally, leaving 


thoracic nerve. 


intercostal nerves were resected. 
thoracic root 
first. thoracic 


the posterior roots intact. 

The left 
scribed above (Vig. 1). 
phate (0.05 ce. of 


forearm was perfused as de- 
Histamine phos- 
1:1,000 solution ) 
injected intradermally approximately 4+ cm. 


Was 


on either side of the perfusion site to injure 
the skin reflex. A 
“flare” developed that was similar to that 


and induce an axon 
observed in intact subjects. However, there 
was no change in the electrical resistance 
of the implicated skin and no evidence of 
with the method. 
Nevertheless, a threefold increase in brady- 
kinin-like found the 
perfusate collected during the flares. 


sweating starch-iodine 


substance was 


Comment : 

These observations argue against the sug- 
gestion of Fox and Hilton ** that activation 
of sweat glands is a required step in the 
release of bradykinin-forming enzyme dur- 
ing neurogenic vasodilatation and heightened 
metabolism in skin and 
tissues, but do not deny that the sweat 


the subcutaneous 


glands when secreting may contribute to 
formation of bradykinin-like substance. In- 
deed, there is nothing to indicate that the 
release of intracellular during 
heightened cellular activity is limited to 
Chapman and Wolff 4% dem- 
onstrated increased amounts of kinin-form- 
ing enzymes in cerebrospinal fluid following 
noxious stimulation, 


protease 


specific cells. 


Ansell and Richter 
demonstrated a neutral proteinase in whole- 
brain Ungar showed that 
protease activity of whole-brain slices is in- 
creased 


slices, and 


following stimulation of sciatic 


nerve, 
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III. Demonstration That Central Nervous 
System Activity Integrated at the 
Highest Level Modifies the 
Inflammatory Reaction in 
the Periphery 


A. Spontaneous urticaria may occur in 
situations perceived as threatening. 

Graham, studying patients with urticaria 
about 10 years ago,®! showed in situations 
perceived as threatening, or during the dis- 
cussion of them, that the tone of the minute 
vessels in the skin reduced and 
permeability increased. Under these circum- 
stances heretofore non-noxious stimuli, 
both mechanical and chemical, became cap- 
able of inducing flush, itching, and urticaria, 
and in some instances these latter phe- 
nomena occurred spontaneously. 

Although careful descriptions of methods 
and results are rare, it has long been 
alleged that lesions in the skin can be in- 
duced by suggestion during hypnosis. A 
recent and better-documented instance is 
that of Ullman, who induced erythema with 
blister formation that was noted at the end 
of an hour, and was fully developed ap- 
proximately four hours later.** 

In this laboratory it was possible during 
hypnosis to demonstrate the occurrence of 
erythema and whealing in response to the 
repeated application of a metal rod at room 
temperature to the skin of the forearm, 
accompanied by the suggestion that the rod 
was hot and would burn the skin. 
hypnosis may 


modify the magnitude of vascular response 


B. Suggestion during 
and the degree of tissue damage in the skin 
following noxious stimulation. 
The that 
could be induced by suggestion was further 
that the 
integrative levels of the nervous system 


above observation erythema 


evidence activities of highest 
could modify the magnitude of inflamma- 
tory reactions in the periphery. Therefore, 
experiments were designed to demonstrate 
that the degree of inflammatory response 
and tissue damage to a standard noxious 
stimulation could be augmented or dimin- 
ished by activity of the central nervous 
system integrated at the highest levels. As 
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an aid in manipulating these activities by 
the suggestion of relevant symbols, the 


hypnotic state was induced. It was, how- 
ever, recognized that the hypnotic state 
per se is not essential to the effects asso- 
ciated with suggestion, symbols, and memo- 


ries. 
Method: 


Thirteen adult men and women served as sub- 


jects. Three of these were patients who had 


spontaneously occurring urticaria. The remainder 
were healthy and free of skin disorders. 

Experiments were conducted in a quiet, semi- 
darkened, comfortably cool room. ‘Thermocouples 
were attached to the subject’s arms and a series 
of control temperatures recorded by means of a 
multichannel recording instrument. Finger cutts 
for recording of the plethysmograms were attached 
to the middle finger of each hand and_ control 
recordings made. 

The subject was hypnotized in the conventional 
manner. As soon as a state of moderate to deep 
hypnosis had been established, it was suggested 
that it 
“numb,” “wooden,” and devoid of sensation (“anes 
thetic”). 
was painful, burning, damaged, and exceedingly 
Furthermore, it 


suggested that severe injury to this “vulnerable” 


either that one arm was “normal” or was 


It was then suggested that the other arm 


sensitive, ie, “vulnerable.” was 
arm, which would cause even greater pain and 
damage, about to The “vulnerable” 
arm was then exposed on three spots, blackened 
with India 
(500/me/sq. 
an interval of 


was occur. 
ink, to standard noxious. stimulation 
\fter 
15 to 30 minutes, during which 


cm/sec. for three seconds). 
hypnosis was continued, suggestions that the other 


arm was either “anesthetic” or “normal” were 
repeated and reinforced. It was then similarly ex 
posed on three spots to the standard noxious stimu 
lation. In some experiments the order of exposing 
the “vulnerable” and “anesthetic” arm to noxious 
Also, the right 


was suggested to be “vulnerable” in some experi 


stimulation was reversed. arm 
ments, the left in others. In some experiments the 
“vulnerability” 


“anesthesia” for the other were made simultane- 


suggestions of for one arm and 
ously, and the noxious stimulation was applied 
during the same interval alternately on the two 
arms 

The inflammatory reaction and tissue damage 
were assessed by observations and measurements 
of area, intensity, and duration of erythema, edema, 
blister formation, and, when 
Colored photographs 
were made approximately 20 minutes after the 
end of an experiment and at 24-hour intervals for 
about 2 weeks. 


necrosis, present, 


residual scar formation. 
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In one subject the subcutaneous spaces in the 
zones of axon-reflex flares induced by the noxious 
stimulation were perfused. The method of per- 
fusing the subcutaneous space is a modification of 
that of Fox and Hilton.* Figure 12 shows the 
method of inflow and outflow, using perforate 
needles 

Results : 

The 13 subjects were hypnotized in 40 
experiments. During 12 of these experi- 
ments increased pain and damage were sug- 
gested in one arm, and suggestions that the 
arm on the opposite side was normally 
sensitive were made. The inflammatory 
reaction and tissue damage were greater on 
the side of suggested “vulnerability” in 
4 of this series of 12 experiments; in 
1 experiment increased damage was ob- 
served on the side of suggested normal 
sensitivity, and in 2 experiments no dif- 
ference was noted. [In 27 experiments it 


Fig. 8—The arms of 
Subject A. photographed 
four days later than the 
photographs of Figure 7. 
Note the greater tissue 
damage on the “vulner- 
able,” right arm, as com- 
pared with that on the 
“anesthetic,” left arm, re- 
sulting from identical in- 
tensities and durations of 
noxious thermal stimula- 
tion. 
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L Fig. 7.—Photograph of 
aa the arms of Subject A. 
made approximately halt 

a an hour after noxious 

=thermal stimulation dur- 

ing hypnosis. The right 


‘i , arm as suggested to be 

. “vulnerable,” the left arm 
“anesthetic.” The burns 
were made in quick al- 
ternation from) one arm 
to the other within a 
period of 30° seconds. 
Note the more extensive 
erythematous reaction 
surrounding the burns on 
the “vulnerable” (right) 
arm. 


Was suggested that one arm was “vul- 
nerable” and that the other was 
“anesthetic.” In one experiment greater 
damage occurred in the arm of suggested 
“anesthesia.” In six experiments no dif- 
ference was observed in the two arms. 
However, in 20 of this series of 27 experi- 
ments the inflammatory reaction was greater 
on the side of suggested pain and damage. 
In one experiment it was suggested that 
one arm was anesthetic, the other normally 
sensitive. The reaction was far greater on 
the normal side. Although the contrast was 
greatest in the magnitude of reaction be- 
tween suggested “anesthesia” and suggested 
“vulnerability,” it was also evident that the 
effect of suggested “anesthesia” was to sup- 
press the inflammatory reaction, as con- 
trasted with the effect of suggestion of 
normality. In Figures 7, 8, 9, and 10 are 
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Fig. 9—Photograph of 
the arms of Subject B., 
made three days after 
noxious thermal stimula- 
tion during hypnosis. The 
burns were made in quick 
alternation from one arm 
to the other while the 
left arm was being sug- 
gested as “vulnerable” 
and the right arm = as 
“anesthetic.” Note the 
greater tissue damage on 
the “vulnerable,” left 
arm, as compared with 
that on the “anesthetic,” 
right arm, resulting from 


identical intensities and 
duration of noxious ther- 
mal stimulation. at 


shown the greater damage in the vulnerable 
arms and the less severe damage in_ the 
“anesthetic” identical thermal 
stimulation of the two limbs. One patient 


arms after 
who complained of spontaneously occurring 
urticaria developed urticarial reactions in 
of her “vulnerable” arm 
noxious stimulation — by 


other parts 


following heat 


(500/me/sq. cm/sec. for three seconds). 


Fig. 10—Photograph of the arms of Subject 
C. four days after noxious thermal stimulation 
during hypnosis. While the right arm was sug- 
gested to be “anesthetic,” three thermal burns 
were made. Hypnosis was continued, and half an 
hour later suggestions of “vulnerability,” i.e., that 
the left arm had already been damaged and was 
painful and sensitive, were made; and it was re- 
peated several times that it would be burned and 
damaged again. During these suggestions noxious 
thermal stimulation was applied three times. Note 
the greater burns on the left, the “vulnerable,” 
arm. 
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Urticaria was not observed on the “‘anes- 


thetic” arm at this time. 

In two experiments in two subjects, two 
exposures of 500 mc. and two exposures 
The 


less intense stimulation was used in order 


of 410 me. were made on each arm. 


to ascertain whether the effects of highest 
level functions would be more conspicuous 
stimulus less 


the damaging 


It was shown that when anesthesia 


when 
intense. 
was suggested in the one subject no visible 


Was 


damage could be perceived 18 hours after 
the stimulation with 410 mc., whereas when 


NCREASED VULNERABILITY OF TISSUE 
1 
Se, | 
282 6+ 
ets 
°° 
‘ 
2 
| 
24 | 
no 
REACTION 
Hh 
TENSITY $00 soomc 4:0 soomc 500 410 
ANESTHESIA NJURY NORMAL SENSITIVITY INJURY 
JGGESTED GGESTED SUGGESTED SUGGESTED 
ane with LEFT win 
NIENSE PAIN INTENSE Pan 
Fig. 11—Diagrammatic representation of in- 


creased vulnerability of tissue induced during hyp- 
notic suggestion in two subjects, H and J. Two 
intensities of thermal stimulation were used, and 
the effects of suggested anesthesia compared with 
those of “vulnerability” in Subject H, and_ the 
effects of suggested normal sensitivity compared 
with those of “vulnerability” in Subject J. 
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injury with intense pain was suggested, this 
less intense stimulus produced readily de- 
tectable lesions. 


In the second subject the difference in 


reaction between the arm with normal 
sensitivity and the one with suggested 


injury and intense pain was less striking, 
but the inflammatory the 
more intense stimulation was conspicuous 


response to 


(Fig. 11) on the side of suggested “vul- 
nerability.” 

I:xperiments were then designed to as- 
certain the nature of the relevant tissue 
responses that could explain the greater 
amount of damage in the “vulnerable” arms. 
Figure 12 shows the two arms prepared for 
skin 
graphic recordings, and for the collection of 
perfusate. 


temperature, for finger plethysmo- 


These observations were made 
before and during the period of hypnosis, 
both before and after the application of 
noxious stimuli, In this series no. signifi- 
cant differences in the amplitude of finger 
pulsations, in the skin temperature of the 
arms, or in the bradykinin content of the per- 
fusates could be between the 
and the “vulnerable” arm be- 


fore the damaging stimulus was applied, 


observed 
“anesthetic” 


although other experiments in this labora- 
tory indicate that such differences may be 
induced during suggestion alone. Under the 
given experimental circumstances reported 
noxious stimulation 


here, in response to 
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Fig. 12.—Arrangement 
of apparatus and record- 


ing devices for perfusion 


CONTINUOUS of two arms, collection of 


SKIN 


recording of 
TEMPERATURE 


perfusate, 


finger pulsations, and 


measurement and record- 
ing of skin temperature, 
with the sites of injury 
indicated. Four No. 20, 
2-in.-long, perforate nee- 
were 
the subcutaneous 


WITHDRAWAL 


into 
OF PERFUSATE 


dles inserted 
spaces. 
Thermocouples for skin- 
temperature measurement 


were attached to the skin 


at a distance of 2 em. 


from the site of injury. 


there was a greater and longer-sustained 
rise in the amplitude of the finger pulsa- 
tions and in the skin temperature of the 
“vulnerable” arm (Figs. 13 and 14), as well 
as a greater increase of bradykinin content 


------------ > 
330 — 
NO 
395 - SUGGESTIONS 
LEFT ARM 
BURNS 
< 
SUGGESTIONS OF 
= 329 — ANESTHESIA 
RIGHT ARM BURNS 
z 
| 
'e-0-0-0-@ 
. 
re) 
5 R R 
2 ‘ Wi) R 
30.5 
= 1245 1250 1255 1.00 


Fig. 13.—Measurements during hypnosis of the 
skin temperature and amplitude of finger pulsations 
of the right, “anesthetic” arm and of the left arm, 
suggested to be normally sensitive. Note the larger 
initial vasoconstriction, as indicated by fall in skin 
temperature in the arm suggested to be anesthetic 
(right) and the markedly reduced subsequent 
vasodilatation as compared with the reaction to the 
burns on the normally sensitive (left) side. The 
absence of, or the minimal, vasodilatation after 
injury in the arm suggested to be “anesthetic” 
affords a partial explanation of the minimal injury 
after noxious stimulation. 
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Fig. 14. Measurements during hypnosis of the 
skin temperatures of the right (‘anesthetic’) arm 
and the left (“vulnerable”) arm. Previous to and 
during the application of burns (500 mc/sq. cm/sec. 
for three seconds) the right arm was suggested 
to be numb, anesthetic, and without feeling, where- 
as the left arm was suggested to have been dam- 
aged, to be very painful, and about to be even more 
painfully burned. Note the predictably greater de- 
gree and more persistent rise of skin temperature 
after suggestion of damage, indicating the perti- 
nence of vasodilatation to the enhanced inflamma- 
tory reaction to noxious stimulation. 


of the perfusate from this arm (lig. 15), as 
compared with the “anesthetic” arm. The 
greater rise in skin temperature occurred 
in all experiments in which damage was 
greater on the “vulnerable” arm. cor- 


Fig. 15.— Bioassay of 
the subcutaneous perfu- 
sate, expressed as units 4-4 
of a standard preparation 
of bradykinin inducing 
equivalent contractions of 
the rat uterus. After in- 
jury of the “vulnerable” 
arm during hypnosis 
there was more “brady- 
kinin” activity in the per- 
fusate from the flare 
zones induced by the 
thermal injury than in 
the perfusate from the 
arm suggested to be 


BRADYKININ UNITS 


5:40 5:50 
To To 
points should precede 5:50 6:00 


numbers on left side 


=LEFT ARM 


“anesthetic.” Decimal 
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responding increase in finger pulsations 
was less predictable. 


Comment: 


Both the experiments with immersion in 
hot water, implicating the thermoregulatory 
centers in the brain stem and hypothalamus, 
and the experiments with hypnosis, implicat- 
ing the highest levels of neural integration, 
demonstrate that activity within the central 
nervous system at several levels can aug- 
ment the effects of the axon reflex. The 
occurrence of spontaneous urticaria ob- 
served in one susceptible subject suggests 
a widespread heightened reactivity in the 
vulnerable arm during the threatening situa- 
tion created by suggestion and by burns. 

It thus appears that the subject’s percep- 
tions and attitudes may be relevant to 
neural activities that engender or enhance 
inflammatory reactions. The liberation or 
accumulation of proteolytic enzymes in the 
periphery and the subsequent formation of 
a bradykinin-like humoral agent are im- 
plicated in this reaction. 

Knhanced inflammation has been shown to 
be effective in combating invasion by micro- 
organisms and in the rapid elimination of 


BIOASSAY (RAT UTERUS) 
OF SUBCUTANEOUS PERFUSATE 


<—— HYPNOSIS ——— > 


6:00 616 6:32 6:43 
To To To To 
6:10 6:26 6:42 6:53 
BURNS BURNS 
RIGHT ARM LEFT ARM 
"ANESTHETIC" "VULNERABLE" 
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view is proposed that man includes among 
his adaptive and protective devices neural 
reactions integrated at the highest levels 
that heighten inflammation in the peripheral 
tissues and increase the local susceptibility 
to injury, thus enhancing the protection of 
the whole organism at the cost of the 
integrity of a part. Such reaction at times 
may be essential to survival, but, if evoked 
inappropriately or excessively, may contri- 
bute to disease, since non-noxious stimula- 
tion becomes noxious and mildly damaging 
stimuli result in greater injury. 


Summary and Conclusion 


In the flare zone of the axon reflex dur- 
ing the initial phase of the period of 
vasodilatation, pain threshold was lowered, 
and tissue damage and the inflammatory 
response to noxious stimulation were en- 
hanced. At this time there was liberated 
or accumulated in the skin and subsurface 
tissue fluids a pharmacodynamically active 
substance. This substance induced itching, 
local vasodilatation, and edema, lowered 
blood pressure, lowered the pain threshold, 
induced delayed and slow contraction of the 
rat uterus and guinea pig ileum, and induced 
relaxation of the rat duodenum. It de- 
teriorated at room temperatures, was 
stabilized by boiling, and was destroyed by 
chymotrypsin. It was not acetylcholine, 
histamine, or serotonin, although these and 
other relevant agents may also have been 
present. It had many of the properties of 
a polypeptide of the bradykinin type. 

During the initial phase of thermoregula- 
tory-reflex vasodilatation in the arm stem- 
ming from immersion of the feet and legs 
in hot water, the pain threshold was 
lowered, and tissue damage and the inflam- 
matory response to noxious stimulation were 
enhanced. 

After standard amounts of noxious stimu- 
lation on the forearm during hypnosis, 
decreased inflammatory reaction and tissue 
damage were observed when the suggestion 


was made that the arm was insensitive and 
numb and would not be hurt, “anesthetic,” 
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as compared with the reaction and tissue 
damage of the other arm, which was sug- 
gested to be normally sensitive. 

After standard amounts of noxious 
stimulation on the forearm during hypnosis, 
increased inflammatory reaction and tissue 
damage were observed in subjects who had 
received the suggestion that the forearm 
was tender, painful, and injured, “vulner- 
able,” as compared with arms suggested to 
be normally sensitive or “‘anesthetic.” Re- 
cordings of finger-pulse amplitude and skin 
temperature indicated that local vasodilata- 
tion following exposure to noxious stimula- 
tion was larger in magnitude, and persisted 
longer, in the “vulnerable” arm. The sub- 
cutaneous perfusate from the arm suggested 
to be painful, tender, and damaged devel- 
oped a greater increase of bradykinin-like 
substance in response to standard noxious 
stimulation than did that from the arm sug- 
gested to be “anesthetic.” 

Neural activity involving the segmental 
or axon levels, the brain stem, and hypo- 
thalamic levels, as well as the subcortical 
and cortical levels, can alter the reactions 
in the peripheral tissues subserved in such 
a way as to augment inflammation and 
increase local tissue damage in reaction to 
noxious stimulation. Proteolytic enzymes 
and a bradykinin-like polypeptide are im- 
plicated in these enhanced reactions. 
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News and Comment 


ANNOUNCEMENTS 


“Medical Department, United States Army.”—The Historical Unit of the U.S. Army 
Medical Service is writing and publishing the series of volumes entitled “Medical Department, 
United States Army,” which relate the history of World War II. The authors and editors of 
these books are among the outstanding medical and medicomilitary authorities in the United 
States 

The Surgeon General of the Army is particularly anxious that information of the 
existence and availability of these volumes be circulated as widely as possible among members 
of the profession. The medical history of World War I did not fulfill its potential usefulness 
because so few medical personnel knew about it and had to learn, the hard way, the lessons 
spelled out in it. It is hoped that this will not recur in the unhappy event of another war. 

To date, 14 volumes have been published in a proposed series of 55. All of these books are 
available from the Superintendent of Documents, Government Printing Office, Washington 
25, 

Council on Medical Television.— lhe Council on Medical Television will hold its first 
meeting Oct. 15-16, 1959, at the Clinical Center, National Institutes of Health, Bethesda, Md. 
The Council, which consists of representatives of the various types of organizations and in- 
stitutions concerned with using television as a tool for undergraduate and postgraduate medical 
education, was recently established under the auspices of the Institute for Advancement of 


Medical Communication to serve as an advisory and planning group in meeting the challenges 


and realizing the potential of this new medium for communication. Organizations interested in 
sending observers to this meeting may contact the Institute for Advancement of Medical Com- 
munication, 33 E. 68th St., New York 21. 


PERSONAL 


Appointment of Dr. Joseph L. Camp.—The appointment of Dr. Joseph L. Camp as 
deputy assistant commissioner in the Department of Mental Hygiene was announced today by 
Dr. Paul H. Hoch, Commissioner of Mental Hygiene. 

Dr. Camp, assistant director at Letchworth Village, Thiells, N.Y., will assume his new 
post on Aug. 13. His duties will include medical inspection functions particularly in the mid- 
Hudson area. He will also assist in the administration of the Department’s program for the 
retarded and with administrative responsibilities relating to staff functions of the Department 
The salary for the appointment is $12,998 to $15,188. 


SOCIETY NEWS 


American Electroencephalographic Society—The following officers were elected at 
the June, 1959, meeting of the American Electroencephalographic Society in Atlantic City 
President : Dr. Arthur A. Ward Jr. 
Division of Neurosurgery 
University of Washington Medical School 
Seattle 5 
President-Elect, : Dr. Jerome K. Merlis 
EEG Laboratory 
University Hospital 
Baltimore 1 
Secretary : Dr. George A. Ulett, 
Malcolm Bliss Mental Health Center 
1420 Grattan St. 
St. Louis 
Treasurer : Dr. Isadore S. Zfass 
2502 Monument Ave. 
Richmond 20, Va. 
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GENERAL 
The Training School at Vineland, N.J.—The Training School would like to offer tor 


one-time showing to groups or classes interested in mental retardation a 28-minute sound-on- 
film production entitled “Into the Sunlight.” The film, produced in cooperation with NBC and 
narrated by Don Goddard of ABC-TV, is in block and white, and there is no charge except for 
return mailing and insurance of $100. 


Write to Public Relations Department, The Training School, Vineland, N.J. 
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Books 


Mirage of Health. By Rene Dubos. Volume 22 of World Perspective Series. Edited by 
Ruth Nanda Anshen. Price, $4. Pp. 236. Harper & Brothers, 49 E, 33d St., 
New York 16, 1959. 

The publishers and chief editor, Dr. Ruth Nanda Anshen, with a distinguished board of 
editors, have added to their series of monographs, known as the “World Perspectives Series,” 
one of the most important essays in our time—Rene Dubos’ “Mirage of Health.” This, 
coming after Edmund W. Sinnott’s able contribution, “Matter, Mind and Man,” makes this 
series of little books one of the memorable efforts of this century. All authors of the series 
are outstanding senior scholars who take the opportunity offered to construct general theory 
and formulation. The essays are well written and state simply those inferences, reflections, 
and prospects that came after a life of close application by thoughtful persons in any discipline. 


Rene Dubos’ monograph is outstandingly good. It is written freshly, lightly, elegantly, and 
with humor; it should have a major impact on contemporary thought. The concepts, figures, 
and utterances are truly those of a biologist, one long accustomed to view living phenomena 
and interpret what he sees in terms of living stuff, instead of in terms of inept physical or 
mechanical models. He gives to the experiments of nature their proper place alongside the 
more modest, designed experiments of the laboratory. He embraces exact methods and formulae 
of physics and chemistry and sees biostatistical methods as useful supplementary tools, but 
always as a biologist. He recognizes the limitations of his methods—especially the fact 
that he introduces limitations of his own choice—also the countless variables and difficulties of 
prediction. 


The essence of his essay is that living creatures, given time, will work out some sort of 
living arrangement with one another. During the process of achieving ecological balance, 
damage and death come to many creatures; and if the process is too rapid, this destructive 
effect is augmented. The relationship of different living forms is less that of survival of the 
fittest and more that of a dovetailing, as all participants make some sort of compromise and re- 
arrangement within, and sometimes around, themselves. Those who cannot change, or change too 
slowly, cannot attain this ecological balance and go under; but most species go on, and for the 
most part with only inconspicuous outward modifications in individual structure. 

Dubos has much to say about man but starts with micro-organisms, whose habits and 
peculiarities he knows as do few others. He finds they cannot easily be classified as pathogens 
for man, and sees that only when the soil is right in man do they succeed in injuring him. 


Indeed, any organism, he holds, may become pathogenic under certain circumstances within 
the host. 


Causation in disease, particularly as regards infections, he sees as an almost unmanageable 
concept, since any of myriad factors in the steps by which a creature becomes sick may be 
looked upon as “etiological.” 


He even goes so far to say that a man’s philosophy, and the economic and social changes 
that he may be exposed to, are probably more important to his chances of becoming sick than 
are any specific micro-organisms. All factors that alter well-established and stable relationships 
among living creatures may be initiators of disease, and the more violent and rapid these 
changes (especially when through age, phase, or season some major internal rearrangements 
are being made) the more hazardous are the effects of alterations in the relationship between 
host and invader. Disruption of an ecological balance by ostensibly benign interlopers on land, 
sea, or within the body of man may be the firing charge that explodes catastrophically in an 
individual, or in a continent, as during the great plagues. 

Inversely, living forms with remarkably different goals can establish ecological balance 
among themselves, given sufficient time and the continued stabilization of other factors in their 
relation to each other. But, he properly warns, “symbiosis is usually on the threshold of 
disease.” Referring to contemporary human problems, he says: “Man can eventually become 
adapted to almost anything, but adaptation demands more time than is allowed by the in- 
creased tempo at which changes are presently taking place.” 
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He has little sympathy with the complicated verbal concepts that comfort, but inhibit 
thought. “The concrete facts of microbiological science have been on the whole easy to dis- 
cover and their understanding presents no abstruse problems. The real difficulty has been 
rather to explain why so many varieties of microorganisms, endowed with the ability to kill, 
usually produce only self-limiting disease processes and often cause no discermble harm even 
though they persist in the body. True to Goethe’s remark that where understanding fails there 
immediately comes a word to take its place, many words have been used to deal with this 
apparent anomaly. Abstract concepts, such as resistance or susceptibility of the host, virulence, 
attenuation, invasiveness, and toxicity of the parasite have all been invoked as if they 
corresponded to real entities, and could be incorporated into a formula to account for the out- 
come of infectious processes. Unfortunately these words refer not to characteristics inherent 
in the host or the parasites, but merely to states of relationship between the two. And these 
relationships are governed by biological properties that still transcend description in_ the 
conventional terms of present day physical chemical sciences.” 

Important for our time is the realization that great therapeutic triumphs have often oc- 
curred when, for whatever reason, infectious agents have lost their vigor. After citing the 
remarkable rise and fall of such vicious killers as measles, smallpox, tuberculosis, cholera, and 
plague, and indicating that “miracle” drugs, despite man’s self-adulation, have had but a 
modest role in their defeat, he points out wryly that anyone who energetically scoops pails of 
water from the waves during a falling tide may have the delusion that he is bailing out the 
ocean. 

Dubos is truly a holist. The mind-body dichotomy holds no attraction for him, since he 
sees the human spirit as the product of the whole man and his past and holds with Tennyson 
that “I am a part of all that I have met.” 


Having made major contributions te medicine and the elimination of disease, Dubos con- 
cludes that medicine is an art and must remain so, since the proper evaluation of a host of 


factors not reducible to formulae must be taken into account in any given patient, since the 
latter’s goals and purposes must remain individual, as must each person’s past. 


Thus, in coming to the nature of man, he accepts aspiration, creativity, abhorrence of 
boredom, and need of change as central aspects of human activity. He sees him always during 
his greatest vigor ready to risk the safe, the certain, the predictable, and the secure position 
for one of exploration, adventure, uncertainty, and challenge. In so doing, man_ seriously 
jeopardizes the ecological balance most compatible with health and so must, to be a man, run 
the risk of sickness and death. This is man’s fate and the price he must pay for his nature. 
Hence the utopias, the idyllic pastoral tranquility he dreams and talks about, he forgoes to 
fulfill his human mission 


This concept of disease, pain, suffering, and death as sequelae of risks involved in being 
man has an ancient classical ring and, despite much to the contrary in the modern mood, is 
amply supported by other studies that show sickness to be but an aspect of a way of life, and 
the most well not necessarily the best humans 

The book is replete with evidence for these basic views. Whereas he touches lightly on 
the hazardous aspect of a most important feature of human ecology, namely, the intimate 
relations of one person with another and the implications of disrupted relationships of the in- 
timate kind (child-parent, man and wife, brother vs. brother, employer-employee) as regards the 
occurrence of disease, he always implies that man’s goals, values, frustrations, conflicts, and 
deprivations of love and approval are essential to an understanding of human health and 
disease 

It is perhaps at this juncture that the argument becomes of special interest to those con- 
cerned with the nervous system and problems of adaptation. Dubos cites countless examples 
of the flexibility of lower forms and indicates how, without complicated neural equipment, 
organisms weather many storms of change and stress. What, then, does man bring to the 
scene with his elaborate capacity to respond to symbols and to extrapolate from experience? 
Certainly, his triumphs over other animal forms in a few instances are striking, but doubtful 
in others, notably over certain insects and micro-organisms. He often immoderately attributes 
such victories to his rational processes and “taking steps,” when, indeed, far more primitive 
biological devices in both himself and his opponents have been silently at work. But oustanding 
is his capacity for interaction with his environment in which communication between men is 
striking; his ability to shape to a modest extent his immediate world, to plan and to hope. 
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Growing out of a different body of experience are the similar concepts of this reviewer : 
that the mind or spirit of man is confined to no one part, that the human brain is a mighty 
contributor and a device for the definition and achievement of goals. But man’s brain demands 
a ransom, namely, that he be in an environment that allows of interaction, since otherwise the 
brain fails. Without suitable challenge, stimulation, and provocation he becomes inert, listless, 


and demoralized. The cost is his knowledge of the inevitability of his fate, his collapse when 
interaction is blocked and communication fails, and his need to run risks, accept challenges, 
precipitate events, and induce rapid change. Thus, to keep his special equipment in good 
running order, he must jeopardize survival, 

This remarkable essay is essential reading matter for anyone interested in man, and es- 
pecially for those who are trying to deal with him when he is sick. 


Haroip G. Worrr, M.D. 


Pathology of Tumours of the Nervous System. By Dorothy S. Russell and L. J. Rubin- 
stein. Price, $13.50. Pp. 318. Edward Arnold & Co., 41-43 Maddox St., London, W. 1 
(Williams & Wilkins Company, Mount Royal and Guilford Aves., Baltimore, exclu- 
sive American agents), 1959. 

This is a companion volume to Greentield’s “Neuropathology,” and it) was originally 
planned that he should edit it. Although it is regrettable that he was unable, because of illness, 
to do so, it is doubtful that he could have produced a better book. In addition to true 
neoplasms, tumor-like abnormalities are included, but not granulomas or parasites, which were 
adequately presented in Greenfield’s volume. 

In the discussion of pathogenesis, the authors admit that a slight blow on the head can 
“unmask a glioma already present” but go on to remark that the problem of the relation of 
trauma to tumor growth is “more difficult when a period of months or even years has elapsed.” 
“The sequence of events may be suggestive... . On the other hand when the vast legacy of 
war and civic brain injuries, unaccompanied by neoplastic disease, is weighed in the balance it 
must be concluded that these few cases are more curious than significant.” 

The discussion of congenital tumors of maldevelopmental origin follows accepted lines. 
Various types of meningiomas are described, since the pathologist is “required to be familiar 
with the rather wide spectrum presented by meningiomas as a whole.” The microglial cells of 
the central nervous system surely do not fulfill the definition given of the reticular tissue. 
They are not “fixed cells supported by a framework of fibrils,” nor is it proved that they 
“evolve from the primitive reticulum cells’; but tumors supposed to derive from them might 
as well be described in this heterogeneous group of Chapter 4 as elsewhere. The classification 
of the tumors and hamartomas of blood vessels “differs from that of Cushing and Bailey only 
in the addition of a separate group, the cavernous angiomas, to the class of vascular malforma- 
tions.” 


In their discussion of tumors of neuroepithelial origin, all of the types described in the 
original monograph of Bailey and Cushing are recognized, and necessarily so, since they can 
be identified in any extensive collection of these tumors, however it be subdivided. The 
necessity for describing these types is the same as that given by the authors for describing the 
various types of meningiomas—the pathologist “is required to be familiar with the rather 
wide spectrum.” This is also the reason for rejecting the excessively simplified scheme of 
Kernohan, dictated in the first place by the demands of surgeons who were interested only in 
having an estimate of the malignancy of the tumors they uncovered at the operating table as 
a guide to operative procedure. The literature concerning these neuroepithelial tumors is 
adequately covered, and the varying theories of their origins are described. 

In the brief discussion of metastatic tumors the fanciful theory of Batson is dismissed 
summarily, and justly, as not in accord with the facts. However, the vertebral plexus of veins 
will doubtless continue to appear in textbooks for the next century. 

In addition to the tumors of the central nervous system and its coverings, tumors of the 
nerve roots and of the peripheral ganglia and nerves are also discussed. The text ends with 
37 pages by Prof. C. E. Lumsden on tissue culture in relation to tumors of the nervous 
system. Not only does it contain an account of his personal experience, much of it un- 
published hitherto, but also the meager literature on the subject is critically evaluated. The 
bearing of the behavior of the tumor cells in culture upon the theories of the origin and 
nature of the neoplastic cells is discussed. 
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Since this reviewer 1s in fundamental accord with practically everything in this eminently 
reasonable and readable book, it is difficult to write at length about it. The text is clear and 
concise; the illustrations are well chosen and sharply reproduced. Although the book cannot 


compete in comprehensiveness with the treatises of Henschen or of Zilch, it is sufficiently 


complete to fulfill the hopes of the authors that “it will be of service not only to practising 
pathologists but to postgraduate students, neurologists and neurosurgeons.” It is an excellent 
companion volume to Greenfield's “Neuropathology,” and the pair fills a long-felt need for such 
a work in the English language 

Throughout the book the authors have not always remembered to distinguish between me 
and Orville, but this disturbs neither of us. The confusion between me and Pearce is even 
worse confounded, and this disturbs us even less; only his charming wife sometimes pretends 
to be annoyed when her flowers are delivered to my room in the hotel. 

Battry, M.D. 
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Lift the depression with Marplan. Therapeu- 
tically, Marplan is a new amine oxidase regu- 
lator. Clinically, it is well tolerated. Medi- 
cally, it represents a major breakthrough in 
the chemotherapy of depression. Marplan has 
been evaluated by some 300 investigators who 
reported its use in more than 4000 patients. 
Results have been impressive—frequently dra- 
matic, and side effects have been markedly 
fewer and less severe. Indications range from 
moderate to severe psychiatric disorders with 
associated symptoms of depression, with- 
drawal or regression. Marplan is also valuable 
as an adjunct to psychotherapy to facilitate 
the patient’s responsiveness. Complete litera- 
ture, giving dosage, side effects and precau- 
tions, is available upon request and should be 
consulted before prescribing. Supplied: 10-mg 
tablets in bottles of 100 and 1000. 


— 
aE 
Division of Hoffmann-La Roche Inc « Nutley 10 N. 3. 


chronic 


In the acute alcoholic state 
SPARINE alleviates nausea 
and vomiting, agitation 
and tremulousness. 


As an aid in the 
management of chronic 
alcoholism, SPARINE reduces 
or eliminates apprehension, 
agitation and tension; 
contributes toward improved 
patient cooperation 

and abstinence. 


Comprehensive literature 
supplied on request 
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/ ANJECTION TABLETS SYRUP 


HYDROCHLORIDE Promazine Hydrochloride, Wyeth 


Philadelphia 1, Pa. 


INDEX TO 
NEUROPSYCHIATRIC INSTITUTIONS 


SPECIAL SCHOOLS and SANITARIA 
Advertising in 
A.M.A. Archives of NEUROLOGY 


of the following institutions appear regularly in A. M. A. 
those institutions which run on an 


Display announcements 
For advertisements of 


NEUROLOGY. 


Archives of 
every-other month basis it would be necessary to consult the advertising section of a 


previous or subsequent issue. 


Boston, Jamaica Plain, Mass. 


ADAMS HOUSE 
James Martin Woodall, M.D., Medical Director 


Wm. Ray Griffin, M.D. 


Georgetown, Mass. 


.. .Godfrey, Il. 


Groves B. Smith, Superintendent 


....Santa Barbara, Calif.—Devon, Pa. 


DEVEREUX FOUNDATION 
Edward L. French, Ph.D., Director 


.....Green Farms, Conn. 


HALL-BROOKE 
Heide F. Bernard, Executive Director 


HIGHLAND HOSPITAL Asheville, N. C. 
R. Charman Carrol, M.D., Director 


FAIRVIEW SANITARIUM Chicago, Il. 
Dr. J. Dennis Freund, Medical Director 


LIVERMORE SANITARIUM 


O. B. Jensen, M.D., Superintendent and Medical Director 


Wheaton, Ill. 


MARY POGUE SCHOOL, INC. : 
G. H. Marquardt, M.D., Medical Director 


Winnetka, III. 


NORTH SHORE HOSPITAL 
Samuel Liebman, M.D., Medical Director 
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DEVOTED TO THE ACTIVE TREATMENT OF 


MENTAL and NERVOUS DISORDERS 


Specializing in Psycho-Therapy, and Physiological therapies includ- 


ing: 
Insulin Shock © Electro-Narcosis 
2828 S. PRAIRIE AVE. © Electro-Shock © Out oat Shock Therapy 
Available 
CHICAGO 
Phone Victory 2-1650 ALCOHOLISM Treated by Comprehensive Medical- 


J. DENNIS FREUND, M.D. 


Medical Director Psychiatric Methods. 


} Here are several booklets on mental hygiene 
that may prove of interest and use to you 
and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY 
T. R. Retlaw, 8 pages, 15 cents 


HYPNOTISM—HUMBUG OR HEALING 
| James A. Brussel, 6 pages, 10 cents 


YOUR STAKE IN MENTAL HEALTH 
George S. Stevenson, 4 pages, 1 cents 


THE PSYCHIATRIST Edward Dengrove 
ond Doris Kulman, 6 pages, 10 cents 


SLEEPLESSNESS AND WHATTO DO BOOKLETS ON 
ABOUT IT by Donald A. Laird, Ph.D. | 
8 pages, I5 cents MENTAL HYGIENE 


ROADS TO RELAXATION | Keep a supply of these booklets on hand. 
by Joseph L Kellerman, MD | Available at lower cost for quantity pur- 


} chases. 
4 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 


AMERICAN MEDICAL ASSOCIATION Dearborn Street Chicoge illinois 
535 N. Dearborn St., Chicago 10, Illinois 


THE LIVERMORE SANITARIUM and PSYCHIATRIC CLINIC 


Livermore, California 
Telephone: Hilltop 7-3131 
Oakland Office—411 30th Street 
FOR THE TREATMENT OF NERVOUS AND MENTAL DISORDERS 


THE OPEN CONVALESCENT DEPARTMENT, for nervous and general patients; the COT- 
TAGE DEPARTMENT, for mental patients. Features: near Oakland and San Francisco; ideal 
climate; large beautiful grounds; hydrotherapy, athletic and occupational departments; clinical labora- 
tory; large nursing force. Rates include room, suitable diet, medical care. general nursing and routine 
examinations. 


HERBERT E. HARMS. M.D.—Superintendent 
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REDUCES DELUSIONS 
AND HALLUCINATIONS 
IN “BACK-WARD” PATIENTS 


‘Stelazine’ 66is a highly potent psychopharmacologic agent, 
particularly effective for the control of delusions and 
hallucinations. 9 9 


Feldman, P.E.: An Evaluation of Trifluoperazine in Chronic Schizophrenia, 
in Trifluoperazine, Clinical and Pharmacological Aspects, 
Philadelphia, Lea & Febiger, 1958, pp. 87-97. 


66 Beside the overall calming effect, there occurs the mitigation 
of psychotic traits such as delusional thoughts and complaints 
of hallucinatory experiences. .. .99 


Rudy, L.H.; Rinaldi, F.; Costa, E.; Himwich, H.E.; Tuteur, W., and 
Glotzer, J.: Trifluoperazine in the Treatment of Psychotic Patients, 
Am. J. Psychiat. 115:364 (Oct.) 1958. 


improvement 66was most striking in the fading of hallucinations, 
cessation of impulsiveness, an awakening of interest, a desire 
to take part in occupations and recreations of various kinds.9 9 


Madgwick, J.R.A.; McNeill, D.L.M.; Driver, M., and Preston, G.C.: 
‘Stelazine’ (Trifluoperazine), A Preliminary Report on a Clinical Trial, 
J. Ment. Sc. 104:1195 (Dec.) 1958. 


Available: Tablets, | mg., 2 mg., 5 mg. and 10 mg. 
Multiple dose vials, 10 cc. (2 mg./cc.) 
Concentrate, |0 mg./cc. (available to hospitals only) 


Smith Kline & French Laboratories © leaders in psychopharmaceutical research 
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NORTH SHORE 
HOSPITAL 


—for psychiatric treatment and research 


: a on the shores of Lake Michigan 
Care and er WINNETKA, ILLINOIS 
treatment 
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of emotional 
disorders 5 


Fox information contoct 


SAMUEL LIEDMAN, MD. F.A.P.A. \ 
‘Medic tor 


HOUSE DUST ALLERGY 
by Karl D. Figley, 8 pages, 15 cents 


FOOD ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


SKIN ALLERGY 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 
by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


RAGWEED AND HAY FEVER 
by Oren C. Durham, 2 pages, 5 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 @ ILLINOIS 
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COMPREHENSIVE, 
THREE-LEVEL TREATMENT 
OF DEPRESSION 


AND ASSOCIATED ANXIETY 
AND PHYSICAL TENSION 


RELIEVES DEPRESSION 
including symptoms such as crying, 
lethargy, loss of appetite, insomnia 
RELIEVES ASSOCIATED ANXIETY 
with no risk of drug-induced depression 
RELIEVES ASSOCIATED 
PHYSICAL TENSION 
by relaxing skeletal muscle 


hypothalamus 


thalamus and 
limbic system 


spinal cord 


“Deprol | 


benactyzine + meprobamate 


= confirmed efficacy 


= documented safety 
SUPPLIED: Bottles of 50 light-pink, scored tablets 
COMPOSITION: Each tablet contains 1 mg. benactyzine HCI 


and 400 mg. meprobamate 


(iy WALLACE LABORATORIES + New Brunswick, N. J. 


c0-9290 


he 
; 
, 


rapidly effective—antidepressant 
response often within a few days; complete 
remission usually within 2 to 6 weeks, in 4 
out of 5 patients.!-5 


low toxicity — no significant reports of 
toxicity to liver, blood or kidneys; side ef- 
fects only occasional or mild in 3 years of 
exacting clinical trial and in thousands 
of cases to date.!4 


corrective — helps remove the depres- 
sion, rather than merely masking the 
symptoms...this well tolerated yet potent 
monoamine oxidase inhibitor passes the 
blood-brain barrier rapidly with preferen- 
tial distribution to the brain—not the liver 
...restores the mild-to-deeply depressed or 
suicidal patient without institutionalization 
and without recourse to ECT in most cases.!-4 


simple dosage schedule_ tab. 
let 3 times a day. 


Indications: For the office or hospital treat- 
ment of mild to severe depressions, endog- 
enous or reactive, and in depressions 
associated with chronic diseases such as 
angina pectoris and rheumatoid arthritis. 
Improves the depressed phase of affective 
(manic-depressive) psychosis, and relieves 
the depression of catatonic schizophrenics, 
although not affecting the psychosis per se. 


Side Effects: Occasionally postural hypo- 
tension is seen, particularly in those patients 
whose pretreatment pressure is low. Infre- 
quently reported nausea, ankle edema, 
delayed micturition or constipation is man- 
aged by appropriate adjunctive therapy, or 
will abate when dosage is reduced to main- 
tenance level. 

Dosage: One tablet three times a day. 


Maintain until remission of symptoms, 
which may require 2-6 weeks; then reduce 
to a maintenance level of 1 or 2 tablets a 
day. For the occasional patient who does 
not respond to the above starting dose, an 
additional one or two 15 mg. tablets may 
be given at bedtime. 


Supplied: Orange-coated tablets, each con- 
taining 15 mg. of phenylethylhydrazine 
present as the dihydrogen sulfate. Bottles 
of 100. 


Caution: Even though there have been no 
significant reports of toxic effects on the 
liver with the use of Nardil, as a matter of 
caution patients should be carefully fol- 
lowed with liver profile studies and the drug 
should be withheld or used with extreme 
care where the patient has a history of liver 
disease or where liver damage is present. 
Also, hypotensive patients should be under 
close medical supervision. 


references: 1. Sainz, A.: The Phrenopraxic Activit 
of a Non-noxious Antidepressant, Ann. New York pom 
Sc. (in press) 1959. 2. Thal, N.: Cumulative Index of Anti- 
depressant Medications, Dis. Nerv. System 20:197 (May) 
1959. 3. Saunders, J. C.; Roukema, R. W.; Kline, N. S., and 
Bailey, S. d’A. : Clinical Results with Phen- 
elzine, Am. J. Psychiat. 116:71 (July) 1959. 
4. Arnow, L. E.: Phenelzine: A Therapeu- 
tic Agent for Mental Depression, Clinical 
Med., 6:1573 (Sept.) 1959. 5. Dickel, H. 
A.; Dixon, H. H.; Shanklin, J. G., and 
Dixon, H. H., Jr.: Tension Fatigue States 
and Their Adjunctive Treatment Using 


Nardil, Clinical Med., 6:1579 (Sept.) 1959. 


HIGHLAND HOSPITAL, INC. 
FOUNDED IN 1904 


ASHEVILLE, NORTH CAROLINA 
Affiliated with Duke University 


— 


A non-profit psychiatric institution, offering modern diagnostic and treatment procedures — insulin, elec- 
troshock, psychotherapy, occupational and recreational therapy—for nervous and mental disorders. The 
Hospital is located in a 75-acre tract, amid the scenic beauties of the Smoky Mountain Range of Western 
North Carolina, affording exceptional opportunity for physical and emotional rehabilitation. The OUT- 
PATIENT CLINIC offers diagnostic services and therapeutic treatment for selected cases desiring non- 
resident care. 
R. CHARMAN M.D. Rosert L. Craic, M.D. 

Medical Director Associate Medical Director 

Joun D. Patron, M.D. 
Clinical Director 


HOME AND SCHOOL FOR 


“Beverly Farm’ 
INCORPORATED Nervous and Back- 


F ded 1897 e 
ward Children 


12 buildings Can accommodate 350 children, 
220 acres of land with 
300 feet above improvements for a larger hum- 

ber. Can accept some suitable 
Mississippi River case fer life. 


Address all communications to DR. GROVES B. SMITH, SUPERINTENDENT 
“Beverly Farm” GODFREY, MADISON COUNTY, ILLINOIS 


TA 


An Active Treatment Hospital, located one hour from New York 


Accredited by:The Central Inspection Board of the American Psychiatric Association 
The Joint Commission on Accreditation of Hospitals 


HALL-BROOKE, GREENS FARMS, BOX 31, CONN. 


Telephone: WESTPORT CAPITAL 7-1251 


George S. Hughes, M.D. Robert Isenman, M.D. 
Leo H. Berman, M.D. John D. Marshall, Jr., M.D. 
Albert M. Moss, M.D. Edward M. Keelan, M.D. 
Louis J. Micheels, M.D. Peter P. Barbara, Ph.D. 
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SAFER ELECTROSHOCK THERAPY 
ultra-short-acting 


skeletal muscle 


relaxant ‘AN ECTIN 


Succinylcholine C 


Seconds | After | Injection 180 § Seconds After Injection 
ae modified clonic p phase ends n 


(total time of shock | procedure oe 
approximately 3 minutes average) 


ra pi d Comments from the literature: 


.. method of choice.” 


relaxation ee L. L.: Dis. Nerv. System 19:1 (Jan.) 1958. 


. recommend its use.” 
Impastato, D. J., and Gabriel, A. R.: Am. J. Psychiat. 


rapid 


. treatment of choice.’ 


recove ry Michael, K. D.. and Wunderman, D. C.: J. Nerv. & Ment. 


Dis. 126:535 (June) 1958. 
. irrespective of age. 
Robie, T. R.: J. M. Soe. New Jersey 52:82 (Feb.) 1955. 
Complete literature available upon request. 


*Anectine’ brand Succinyleholine Chloride 


Injection: 20 mg. in each ce., multi-dose vials of 10 ce. 


BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 


bran 

Injection ‘ANECTINE'1.V. 60 Seconds After Injection 


there is a dosage form 
of ‘Compazine 


for every hospital need 


Concentrate*, 10 mg./cc. (availabie to hospitals only) convenient 
— liquid form for those patients who “cheek” tablets; for those patients 

= whoo refuse medication it can be easily disguised by mixing with 
liquid or semisolid foods. 


¥ Tablets:, 5 mg., 10 mg. and (primarily for use in psychiatry) 25 mg. 
» —for convenient manipulation of dosage. 


Spansulet capsules: 
‘ pansu Capsu €s+, 10 mg., I§ mg., 30 mg. and (primarily for 
a ad use in psychiatry) 75 mg.—for convenient all-day or all-night 


therapeutic effect with a single oral dose. 


Ampuls:, 2 cc. (§ mg./cc.)—for immediate control of disturbed 
patients. 


Multiple dose vials:, 10 cc. (§ mg./cc.)—for greater economy, 
convenience and flexibility of doses. 


_ Suppositories, 5 mg. and 25 mg.—when neither oral nor parenteral 


administration is feasible. 


Syrup, 5 mg. /teaspoonful (s cc.)}- for the very young or very old. 


tSpecial Hospital Packages available to non-profit and government hospitals. 


Compazine 


Smith Kline & French Laboratories, Philadelphia 


*T.M. Reg. U.S. Par. Off. for prochlorperazine, S.K.F. 
tT.M. Reg. U.S. Pat. Off. for sustained release capsules, $.K.F. 
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